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II. Abgtrpct ■ . ' ' ' 

This document presents a description of the results of a project mimed at^ producing 
a broad description of current mining training programs and an evalKiation of their 
effectiveness with respect to reducing mine injurlaa. Aggregate training and injury data 
v^ere used to evaluate the overall training effort at 300 mines as well as specific efforta 
in twelve categories |of training course objectives. From such evaluations, recommenda- 
tions were derived with particular emphasis being placed on. identifying program 
characteristics thatjtend to bo associated with effective training. Recommendations 
WBTQ also formulated with reference to role changes in industry and government interaction 
\vith respect to trailing programs, new or additional training programs, e hang a a in the 
bypes of course materials and training methodologies, and recommendations con:j«.rning 
new areas for investigation* , 
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DISCLAIMER NOTICE 



The' views and conclusions contained in this document are those of the 
authors and should not be interpreted as necessarily representing the official 
policies or recommendations of the Interior Department' e Bureau of Mines or 
of the U. S, Government. 

FOREV/ORD ^^^^^ 

This report was prepared by the Bandix Corporation, Bendix Energy, 
Environment, and Technology Office, Ann Arbor, Michigan under USBM 
Contract Number S0144010, The contract was initiated under the Coal Mine - 
Health and Safety Program. It was administered under the technical direction of 
the Pittsburgh Mining and Safety Research Center with Mr', William Wlehagen 
, acting as the Technical Project Officer, Mr. John Blum was the Contract 
Administrator for the Bureau of Mihea. " 

This report in two volumes is the final documentation of the work re- 
cently completed on the cQntract during the period July 1974 to November 1975, 
Volume I is % summary conaisting of narrative description of gevaral training 
programs found in a survey of the mining Industry, the major reflulta of an 
analysis of relationships between various measures of training and injuries, 
and the main conclusions^and recommendations. Volume II is a more detailed 
discussion of the quantatlve data analysis and the resulting recommendations 
regarding a number of specific issues in the field of m/iner training. The draft 
smnmary volume was first submitted by the authors in July 1975^ revised in 
September 1975, and after review by its MESA sponsors and industry repre* 
sentatives was resubmitted in December 1975 along with all the supporting data« 

" This final version is limited to the summary and the complete narrative of the 

' analysis arid its implicatione* 
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labor for their time, interests, and inspiration for results of this review and 
evaluation of a very broad a^id complex topifei.. . . 

John Adklns 
Roger Akeiey 
Phil Chase ) 
Lealia Marrus 
William Prince 
Ronald Redlck 
Conrad Rogne 
James Saalberg 
Linda SEempruch 



4 

ii 

ERIC 



REVIEW AND EVALUATION OF VARIOUS GURRENt MINING 

TRAINING PROGRAIs^S 

K ... * 

. FINAL REPORT 



CONSENTS 



Section Pag< 

SUMMARY 1 

INTRODUCTION 3 

Backg round 3 

Quantitafcive Data . 3 

Aggregabe Data Analysis^ . 4 

Survey Data 6 

TRAINING PROGRAM DESC^JPTIONS 7 

General Observations ^^^^ . 7 

Organizafciofi " , 8 

Training Objectiyea . 9 

Training Sou rces 11 

MESA Training Centers 11 

State Training Agencies 11 

junior Colleges and Vocational Schools IE 

Mining Equipnient Manufacturers ^ . 12 

Mine Operators - 13 

Methods and Materials 13 

New Employee Indoctrination 14 

Safety Meetings 15 
Qualification and Certification .15 

. Supervision and Managernenc: 16 

Equipment Operation 16 

General ^ , ^ 17 < 

Ijis true tors 18 

Motivation_ 19 

Fq11ow*up Survey . ' Z\ ^ 



5 

iii 



CONT^TS (aont, ) 



Section Page 

ANALYSIS AND EVALUATION 23 
Overview 23 
Total Tratning Versus Total Injuries 24 
.plots of Loit Days Per 1,000 Tons Versus Total Employee- 

Courses Per 1,000 Tons . 24 
Annual Evaluation of Total Injuries Per Million Man 

Hours Versus Total ^nployee = Courses Per Million 
Man Hours 35 
Quarterly Evaliiations of Total Injuries Per Million 
Man Hours Versus Total Employee-Courses Per 
Million Man^ Hours 37 
Trailing Objective Categories Versus Injury Types 43 

CONGLUSI9NS AND RECOMMENDATIONS 51 

V 



6 



iv 



TABLES 



Table 


■ Title 




1 


Percent Decreased Cost Day Rate by Quartile o£ the 197E 


26 




to 1973 Change of Training Rate 




2 


Lower and Upper Ha.l( Percentages by Company Type and 


40 




Mine Location 




3 


Training Program Effort Distribution 


42 


4 ' 


Training Categories Versus Bijury Types 


45 


5 


Duration of Training Effectiveness 


46 


6 


Commonality of Injuries and Training 


47 



ERIC 



ILLUSTRATIONS 







±^ag 


1 


Change in Lost Day and Training Rates Without 


25 




Time Lag (140 mines) 




2 


Change in Lost Day and Training Rates With Lost 


25 




I)ay Rate Lagged (140 mines )^ 




3 


Change in Lost Day and Training Rates Without Time 


28 




Lag ( 43 Compaiiies or Divisions) 




4 


Change in Lost Day and Training Rates with Lost 


28 




Day Rate Lagged (43 Conipanies or Divisions) 




5 


Starting Lost Day Rate and Change in Training Rate 


29 


6 


Ending Lost Day Rate and Change in Training Rate 


29 


7 


Subsequent Lost Day Rate and Change in Training Rate 


30 


8 


Training Rates Versus Lagged Lost Day Rates 


30 


9 


Examples of Effective Training 


31 


10 


Examptes of Ineffective Training 


32 


11 


Examples of Decreased Training 


33 


12 


Distribution of Average Annual Training Effectiveness 


36 




Index Scores by Company Type 




13 


Patterns of Changed Injury and Training Rates 


38 


14 


Distribution of Quarterly Training Effectiveness Index 


39 




Scores by Company Type 




15 


Trade -off Between Lost Days and Course Hours 


48 


16 


Assessments Versus Injury Rates 


50 


17 


Assessments Versus Change in tojury Rate 


50 



8 



0^ 



VI 



ERIC 



SUMMARY 



This report presents a description of the research and results of 
a project that wum performed for the Bureau of Mines. The project 
objectives were to produce a broad description of current mining 
training programs and an evaluation of their effectiveness with respect 
to reducing mine injuries. The description contained in thia^ report in- 
cludes the sources and organizations bf training programs and the general 
approaches and instructional methods used in their application. Aggregate 
training and injury data were used to evaluate both the overall training 
effort at 300 mines and specific efforts in twelve categories of training 
course objectives* 

The research strategy was built on the tanking of mines according 
to the effectiveness of their training with an effective training effort being 
defined as that training which is associated with concurrent or aubaequent 
low or reduced injury or severity rates. Comparisons between programs 
evaluated as most effective and programs which were apparently less 
effective were used to identify program characteristics that tend to be 
associated with effective rather than ineffective trainiiig* 

A survey which produced the dascrlption of current mining training 
programs was conducted prima lily via over 40 on-site visits to mining 
companies, schools, agencies, union representatives and MESA training 
facilities. In addition to collection of nmterial and information for the 
sunimary description of training methods the survey generated several 
subjective insights about current programs. Compliance with the letter 
of the law with a minimum effort may be a superficial training 
objective that tends to distract from, the real training program objectives 
of reducing injuries. First line superyisors often carry much of the 
training load and require real practical support. If such support is 
missing or consists of unrealistic expectations, his training duties will be 
regarded as merely annoying at best and p^functorily carried out, if at 
all. Mandatory training often constitutes only a portion of the programs 
for indoctrainatlon of new miners arid the development of production oriented 
skills and toowledge* 

Vocational training schools form a source of mining training that la 
gaiining in importance and also Includes the mandatory safety topics as 
a portion of a larger program oriented around specific occupations. This 
illustrates the difficulty in singling out safety as a training requirement 
distinct from learning to pcirfnrm a job safely* The' rusult of just doing 
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the minimum training' needed for compliance will generally be in- 
offective and gain very little participation from miners who are not 
required to attend , Training in optional courses directed at prevention 
of specific types of injuries through increased awareness of the hazards 
involved in a job is seen as most valuable by most of the mine operators 
using this approach* These organi'^ations also feel that some of the most 
significant benefits were gained from involving the individual miners in 
the development of the training program itself. 

„_Analysis of aggregate data confirmed the overall effectiveness of the 
accident prevention approach to saftLy trainings Most companies using 
the ground cQntroli haulage, electrical, and general accident prevention 
categories of training had significant improvements to the cof f esponding 
injury rates. It was also found that the duration of reduced injury rates 
is only two or three quarters unless the training is repeated (not riecessar 
lly to the same miners)* On the basis of examples of effective training 
it can be shown that the returns of reduced lost time can be very large 
compared to the investment in training. Ranking of mines aGcording to 
the effectiveness of their overall training program found that no 
particular companyj, region^ or training method will account for the 
variation in results. . Instead there are indications that this is a function 
of the general level of effort devoted to training and the quality of manage- 
ment at the mine. 
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INTRODIJCTION 



Background^ ' 

Government, Industry, and labor have all given training a key role 
in their efforts to reduce accidents. Nearly all actions taken to reduce 
human error and improve worker ef£iciency in mining involve some form 
of training and education* State and Federal mine laws, the origin and 
growth of recent investments in training facilities and efforts and the 
latest UMWA-BCOA contract all reflect the importance generally given 
to the training of miners. This report deals with a research project 
that was designed to produce a broad description and approaches to the 
conduct iof mining training programs. The project also sought to eval- 
uate both the overall training effort ajid specific effoi*ts in twelve cate- 
gories of training course objectives. 

The relationships between measures of training effort and injury or 
severity rates formed the basic evaluation criteria. Just as there are 
wide variations in these relationships^ there are also variations in 
characteristics of training prograrns. Comparisons of programs that 
tend to be associatfed with good or steadily improving accident records 
with Drograms that appear to be less effective are used to derive re- 
commendations concerning iuturu action to organize, conduct , and 
monitor the training of rnlncrs. Two types of data were conipilfed in 
order to identify and explain variations in training program effectiveness 
which were obtained froiTi existing federal and state" sources* Descrip- 
tive data and information on training program characteristics were 
Qompiled by survey met4iodB, 

Quantitative Data . . 

The Bureau of Mines Denver Office obtained ti^^gregafce data for 
training effort from the MESA Office of Education and Training's Quali- 
fication and Certification Unit. This Bureau office ajlso provided us with 
employmejit, exposure^ injury> and produdtion data, TOvering the 1972 
through mid-1974 period* These data were obtained from the MESA 
Health and Safety Analysis Center, Annual reports p^qvided by several 
state mining departments offered a supplement tp t^e latter data for the 
1969 through 1973 period. The state report data giv# a baseline injury 
history for 110 of the 180 mines in the data that were obtained from the 
Bureau, They also allow a partial evali^tlon oT^trainin^ at^another 120 
mines not in the injury and exposure dafa requested from 'the ^ftureau at 
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the st^t of the survey. In all, then, 300 mines are covered by the MESA 
and state data* ^ -^=^_ 



There are three basic data sets* Two are for 180 individual mines 
of 43 compajiies or dividions covering the 1972 through mid-1974 period 
in three annual and ten quarterly time intervals. The^third is for 230 
individual mines (110 duplicate the first annual set^ of Bl companies or 
divisions covering the 1969 through 1973 period (training data in 1972 and 
1973 only). Three more sets are the aggregate company or division lotals 
from the first three. Each of the data sets from the Bureau contains 19 
measures of training and injuries plus employment, exposure, and pro- 
duction. Training is divided into IE categories of course objectivea and 
iniuries are classified according to 7 combinations of accident typolo- 
gies. Course objectives and acc ident typologies correspond aa nearly 
as posaible* The data sets derived from state sources do not include 
the seven accident type measures. 

A ppregate Data Analysis . 

Analysis of the aggregate data follov/ed two paths, The first approach 
consisted of a study evaluating the many cross plots of measures of 
training and injury rates. The plots represented various hypothetical 
relationships between the two ratea or changes in the rates. Soma of 
these hypotheses consider fcralnihg and injuries aggregated over the same 
time interval (quarter or year), but most deal with either training lead- 
ing to changes in injury rates or high injury rates leading to a new or 
increased training effort.^ Most of the plots of some training rate versus 
a subsequent injury rate find all cases falling in the triangle defined by 
high iniury-low training, low^injury-low training and high training-lpw 
injury, The subst^tial mimber of mines having low injury rates with 
little or no reported training rtems from the fact that these mines con- 
duct trainingusing their own programs tHa^t are not Included in the data, 
There are other m me s that have both training and injury ratas a<high 
levels. This sort of distribution of cases on the plots can be. inter pretad ' 
as maaning that there are variations in the effectiveness of training just 
as there are variations, in the amount, methods, objectives, and other 
characterietics of training programs. Then the aim of the aggregate da- 
ta analysis is the identification of what produces effective training by a 
comparison of training program characteristics of two groups of minas 
--those which appear to be mostly effective and those In which high or 
increased training rates do not appear to result in reduced or continued 
low injury rates, ^ * . \ ^ 
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' A second interpretation of the distribution of casas on .the ploLg ii . 
that there is no systematic relationship between training and Injury rates 
for this 300-mine'cross section of the industry, HQWeyer, the analysis ^ 
would have to contrql for other major factors that are believed to Influ- ^ 
enca injury rates before such a conclusion about the overall ufcifity of 
training couid be valid. Initial efforts to list the two groupi of effective 
and ineffective training programs revealed another reason why more than 
just the bivariate plots of training and injury rates should be considered 
in the evaluation of trainirg 'program effectiveness • Many cases of mines 
in the same division^ seam, general vicinity, etc, , were found in bpth 
the^ffective and ineffective lists. The available information indicated 
t^hat these mines. should have virtually identical training programs* "Thus, 
the evaluations were either inaccurate or some unknown factors were be- 
hind the differences in training offectiveness. A second analysis .path 
was adopted that sbught to evaluate training effectiveness on the basis of 
both the levels and changes of training and injury rates over the ten 
Quarterly and three anniial time series, . 

This approach fdllowed a logic that gives the highest level of effective- 
ness to a/case of increased training rate followed by decreased injury 
rate w^re initial inJuTy rate is already below the average for that nriine, 
^^opa^ny, or division, A decrease frorh an above average injury rate 
should be easier to achieve and wa^ therefore given a lower effectiveness 
score. The l^cfl of training was also considered by scoring decreased 
: training rates the iame as int roases if the level remained above the 
\mine, company , or division avurage* Again very few clear differences 
between the most and least effective training progl'ams were reveah^d. 
Of 24 companies or divisions having 5 or more mines in the data sets, 
17 had mines ranked in the top and Bottom quartlles of the effectiveness , 
index. Even though the mory rigorous evaluation methods did not make 
it any easier to select specific programs, methods, evaluation methods 
or courses that tend to be associated with reduced or continued low injury 
rates, the close agreement between the results of all the evaluation schemes 
indicates that the' rankings are accurate and not an artifact of any particular 
evaluation criterion. ' ' - 

In additioji-.to evaluating overall effectiveness in terms of total employee 
courses versus total injuries per million man hours, the detailed time- 
series analyses included one oi her overall relationship and ^everaL re- \ 
lationships between a category ^sf training objective and a type of injury. \ 
/ The' se.cond nvt*rall rolationship \ised thousands of tons of production 
instead of^mlUionH of man hourn of exposure to obtain rates. The training 
categorit*s and typOH of injiiriu, artalyzed inc^ludex 
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]' ^ Ground control training versus roof and rib fall Injurias 

m Haulage safety training versus haulage injurlas =. 

« El^trical qualification training versus electrical injuries 

* Explosiyes safetyi ventilation* and methane datactioii J 
training^ versus explosion and ignition injux las j 

iry safety/ qualification training versus machinery 
and hand tool injuriea ' 

/ ■ ■ \ "■ ' . . _ ■ . . . ^ 

/ * General accident prevention training versus total injuries 

/ and lift/pull ar^d slip/ fall injuries 

Survey Data < 

Articles in training and mining publicationg* telephone and mail 
contacts, and visits to training facilities are the source of information 
on the characteristics of various training programs* nThe information 
includas cou-rse descriptions, traming materials, and ganerarorgani^- 
ational and procedural aspects of training at mora than 50 orgamEations, 
^ Tha most datailed Information came from over 40 on-site visits to 
miriing companies f independent and captive-large and smalj-coal and 
metal/nonmetalU vocational schools and colleges, state training and 
mining agancias, operator association and union spokesman, and MESA ' 
training or support facilities. Narrative trip reports and/or tabular 
summaries_.of the courses and methods employed at each source of train- 
ing constitute the description of various current mining training programs 
Several attempts were made to develop a format for the tabuktion of this 
training program information that would facilitate the comparisons bet- 
ween the most and least effective training programs* ^one of these for- ! 
miats were considered successful because of either the wide disparity in 
the detail of available information or the basic differences of course or« 
ganization and purposes/ When the quantitative data analyses identified 
the difficulty in interpreting and utilising the comparisons of training 
prograrti descriptioiB fpr the most and least effective programs, no fur- 
ther effort was made to refine, the format for tabulating this information. ^; 
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TRAINING PROGR AM DESCRIPTIONS 



General OtiBervafciong 

Responses to the survey varied in the degree of detailed information 
that could be obtained, but they were uniform in regard to cooperation 
and cordial hospitality for the survey team* Most organisations con*- 
tacted were proud of their training programs and eager to discuss their- 
; achievamenfcay and problems* Only a small sample of the induetry is 
covered by the survey, but the close correspondence of the sample and 
industry-wide distributions . and averages for all measures 
It is very represehtative* This stimmary description of wHat^fcKe^sur vey 
found begins with the general aggregate data impressions that were gained^ 

* ' For obvious reasons the n^andatbry training administer^ij by^~MESA 

and the MESA course materials have a nearly universalJnfluenee^ 'There' 
is Qp.m aspect of the nature of this influence that could be' working counter 
to the basic reasons for tmving any mandatory Gaining. ^ This is the 
^ necessary^ but sometimes confuring, vitrict adherence to the letter of 
the law in the administration of the mandatory traming proviaipni. 
There seems to be a danger that technical compliance with the training ; 
effort £hat is required assumes more importance than the goal of re- 
ducing mine accidents* It Is not something that can be measured or 

> ^ - found in the datap biit the survey team Ruined a distinct impression that 

mandatory training for miners is being treated as a legal ritual which 
both the operators and MESA are compelVed to perform* Perhaps It 
would be good for mine operators and training directors to ask themselves 
. if their operational definition of training prograin objectives does not go 
beyond remaining in compliance. There are enough cases in the data to 
suggest that too many high levels of training effort are ssspciated with 
high and increasing injury rates because the individual mines training 
program might be focusing on the legal necessity rather than the hazard- 

/ ous work practices and attitudes that are to/be fotmd at that mlne< 

Another general impression concerns the central role played by the 
first line supervisor in. most traming programs conducted by mine oper« 
. ators, Thi^ individual is the trainee in much "fi'f the mandatory traihing 
and in terms of the certification requirements/in effect at the time of 
, >^ the survey, lie is often the instructor for training that Is'given. the hour* 
ly employees working tinder him. He is the admimstrator of^on* the-job. 
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tFaining; whether those prograniB a ru formally conslitutod^and documontcd 
by the cdmpahy. or ir he only keeps track of each man's skill and oxpor- 
ience in his head. He may rcccnvo substantial asfliitance with his train- 
ing ^responsibilities or hu may bo on his own. Training should not be 
viewed as an annoying extra duty addedvtahis other responsibiUtios for 
how his men work, their productiori, and their safety. This man, with 
the "toughest job In the mine" needs support (not additional duties) or 
else the training will tend to be performed in a hurried, perfunctory 
manner. 



Organization . 

1 The training'functiori is located in several places ,in the company 
organization. Large companies usually have training and education de- 
partments, with their own budget and staff reporting directly to the 
mine or division superintendent. There are also examples of the train- 
ing stsif cdming under the industrial relations manager. Tralmng and 
safety are sometimes combined into a iingle department. If they are 
separate organizations, training and safety will usually have oquiyalent 
status. under the same company executive at all levels ,pf management. 
The training director often receives support in the form of ins true tors 
and course material development from other company organizations 
such as safety, industrial engineering, or maintenance when the company 
is very large. ' Some large, highly structured prograrris fodutt.on training 
equipment operators and maintenance personnel. Training department 
peraonnel deal wit^ standard practices and company procedures for pro- 
duction, while the mandatory health and safety training is provided by 
the safety department in these programs. Such an organization may 
categorize the training according Lo its function, nanaely: 



i Maintenance^skills 



% Operator skills 

ills; 

. . ■ . ■ ■ ■/ ■ . ■ ■ 

• Foreman/mariagement Upgrading / 

— • ' ' ' . \ - S V 

f Personal educational opportunity/ tuition aid\/ 

• Mandatory health and safety requirements f . 

A small mine operation usually means that Jhq training director, f 
safetlv engineer, foreman, mine Tnanager, superintenaent, and owner j 
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could be the same ihdividual. Whatever form^il training the smaU mine 
employees are given will lend to come from ^ state or MESA instructor. 
States having large numbers of small mine e gear their training programs 
to serving the neede of the small operafcos / Nearby large mining compariiefl 
are another source o^ mandatory .training for jsmall operators. Several 
email companies jointlynengaging a consultant to handle their safety and 
training needs is an approach that might receive wider use a© the manda- 
tory trainihg requirements incroasa. 

Training Objectives ' . - . ^ . 

Review of the great number of couraei^i either in the MESA course 
materials and reporfcmg system br given by itune operators and other 
training sources, made it clear that some organigatici/for grouping 
courses into objective categories v^as needed to keap^^the scope pt the 
study within reasom This project considered several options for cate* 
gorizing the objectives, of the various jtr^^ 1 
For escample^ the .mandatory and othier MESA course offermgs can be 
ox%anized as foUowsr ■ ^ ^ ■ ' 

• General Bidoctrination 

\ Goal Mine Health and Safety Act of 1369 (C)*j« # ■ 

• Mon0)oiT^g Mine Environment i 

* C^^feh deficiency and Methane Detection DevicesM^^^^ \ 
. Safe Use and C^ro of the Flame Safety tLamp -C^ ' 
Contrqiling the Mine Brivironment ^ 
> Coal Mine Ventilaiion (C & ^^-r ' 

. Roof and Rib Control (C, Q, and A^) ^ 

• Dealing with Mine Emergencies and Accidents ' . 

. First Aid fC & A ) / ' • ' 

.wUse of Self. Rescuff (A) 

. Principles of Mine Rescue (C) ^ 

• Operating Mining Equipment ; , . 

, Various Job Safety Guides 

• Obtaining Mining Qualification or Certification 

. Electrical Safety (Q) . , ' 

^ . Permissible Mining Machinery (Q) 

, Man Hoisting Equipment (Q) V 

. Safe Use and Handling of Explosives (Q) 



For underground coal mmea - 
— i^^C H rnandatory fur certified peibunb y *^ Q^ ' r rwtd»to-r 

persons, and '^A'' mandatory for all miners,. 
# Instruction provided as part of ^ne roof control pldft 
® Must be available to all miners 



Only mandatory training or retraining for iinderground coal mines 
ia.'llated in five of theec six objective categories. An. exception is the 
job safety guide category which the quantitative data ghbws to be seldom 
used. Xhese mahdatory coursea are the e^rtent of training programs 
for which the only real objective is to remain in compliancei More . 
often, the program or course objective goes well beyond that and much 
of the mandatory, training is only a part of training programs that sel- 
dom are entared into the MESA reporting system that are designedl toi 

Certify new foremen in state training prograrrii, 

• Upgrade foremen akiU.s and knowledge using company, 
coniultant, college or vocational school, and equipment 
manufacturer courae^ on supervision, .mining, or maintenance 
topics. ' ^ ' ^ ^ 

■ Ihdoct r ihate" hew us inlg^ company arid / of ^ vbcatipnal ^ 

* . school coursis and facilities* ] * ^ 

• Qualify or upgrade maintenance personnel usihg college^ 
vocatlbnal school, or mlnTng equipment manufacturer courses, 
course materialSr or, facilitios* 5 ' . ^ 

i Improve safety records, using MESA or company developed 

cou3fses^in accident preverition and various -applicatiph of jotf 
aafety analysta procedures* " ■■,^r ^ \ 

m Improve ^the local labor base by support of college and vocational 
school training under associate deg&ee or mining occupation 
programs. ^ - 

^ All of the above/e3ci.mples of nrilner training find broad use and suppor 
in the industry. This is a clear indication of the belief that having more 
skilled miners is going to yield safer and increaied production, more 
efficient use of supplies, bettor attitudes, and better aupervisjon. The 
extent and way in which these categories of training ar« pbtained by 
specific operators depends on, each operator's view of Ms problam, his 
resources and needs fo^ both supervisors and hourly personnel, and the 
availability of outside sources. The following sections of this discussion 
will outline, the principal Ways In'^hich mandatory safety courstes and , 
production-oriented training were being carried, out. X 



Ti^aining Sourc eg ' ^ / 

MESA Training Centers' ' , > 

. , " . ' " ' . , '' ■ 

\ ' The main role of MESA tthat emerged froto the survey was or^e of 
aQministering the mandatory aspects of miner training an4 providing , 
the course materials for these and more than a hundred additional 
training cdiirses* The MESA instructora do conduct a substantial ' 
ambuntof 'draining both at the training centers and at minas. However,, 
the number o/ MESA ins true tors is such that'a large percentage of^the 
coT^rsea are ';punducted by MESA certified coop^ratiye anstructors (em- 
ployed 'by the mine companias, atates, collegesj, or vocational schools). 
Trairfirig' leading to certification of cooperative inf..tructors and riionitor-i 
ing .their pie fXor mane ei training in aqcideht preventjoni mine rescue, and 
first aid; training leading to qualification of mine electricians; providing 
training for mines not having certified instructoraj riMnitorin^^ / 
records and the training performed by district mine operators^ and a 
lot , of record Heeping-seem to^characjeriE^^ center activ-^. 

iti'es. Their capacity to conduct more training witlTMESA^instructorB 
is limited by both the authoriEed staff levels, and t^iq fact^ that a well 
qualified instructbr c4n earn more and gpend less -time on the road b)r f 
working for a mihe^ operator. 



State Training Agencies \ 

/ \ " ^ . ■ ■■ ^ » - ; . - 

A typical state training program has its origins in state requirements 
for certification of foremen, shot firers, mine examiners, 'and hoisting 
engineers* During the months preceding e^xa'minatioh for these, certifi- 
cations, the states conduct four tb eight hours of classroom instruction 
pier w^ek for miners seeking the certific^ation. The advent.of the 1969 
Coal Mine Health and Safety Act and the provisions for grants to state 
agencies to Increase tHei^ miner training activities have meant that mandator 
courses are beig^ included in the progriimi of all ten states contacted, and 

most, including the two state agencies visitedi offer all the -mandatpry 
courses. This training is reported to the MESA Qualification and Certi* 
fication Unit in Denver via qhe appropriate dist^*ict and subdistrict offices, - 
Although there is some feeling by the states thit^MESA is intruding into 
an area, that has long been their responsibility,; good cooperation was ob** 
served at the working level* Both large and small mines utilise the ser- ' ; 
vices of state instructorSi Iloweyer, a strong commitment to assisting 
the small operators in thrlr of fort to comply with mandatory training was ' 



noted. As in the case of MESA, the states have difficulty in obtaining 
and retitining highly qualified mining Instructors. 

Junior Calleges and Vocational Schools 

During visits to mine operators and MESA offices some elevan 
j\mior colleges or vocational schools that offer miner training were 
idenWfied, five of which weye viiited. This training ranged from short 
courses on mandatory topics, to associate degree programs in mining,^ 
These programs are usually supported withrfundlng or equipment and 
facliltiaa from nearby mine operators who theri use these schools in 
training their miners . Young men seeking careers in mining ar a. given 
a basic course in mining methods^^ law, and safetyi Next* if they de- 
sire,' they continue oh to mine maintenance, equipment opera^tor, or 
mine supervisor programa. Naturatly, there are many variations and 
there are some schdols that specialisse in only one of these career areas. 
The graduates tend to be highly prized ap new miners and rriany operators 
Would hire riojothers if they had any choice* There are usually agreements 
between *the schd^bls and rt^ne bperatorr h^^ 

have^completed their training. Another type of student is the miner sent 
to school by the 'mine operator aA'part of a mainfcanance apprentice program* 
These prog^rams often involve alternate periods of schodling and practical " 
w^k in a company shopi The main feature oC tlia college and vocational 
school/programs is that they have an objective of preparing. a mmn ior m 
career in mining* In meeting that objective the programs include re- 
quired safety and qualification or certification trai^ 

Mining Equipment Ivlanufacturera . _ . * 

Training in equipment. mainteriance and, to a lesser degreef equip- 
ment operation isisa sei^vice available from most manufacfcurars of mining 
equipment* Training materials ihclu^ng electrical and control station^ 
mockups, complete maintenance courses; and audio*visual aids, are 
also available* ^The training may be given on a routina basis at the man- 
ufacturer's facility or at the ndin^ upon requesti Opjerator .personnel 
receiving this fcrainlng are often doing so in order to teach maintenahce 
in the company traming program. Where thtf equlpnien* is a special 
design for a unique application the manufacturer will ^ovide demonstra- 
tions ^nd operator training upon equipment delivery* As with the career 
training from colleges and vocational schools/, the basic training objectives 
deal with production* However, safely og^rattng or maintaining the equip- 
ment is an underlying theme in these programs* 



Mino operators / ' ' 

Cutrantly the most eKteDslva source o£ miner training is the mine 
. op^^rator,* It was noted earlier that the amount of training and use of 
outside sources ^11 vary with many local condition^. Thare are 
examples of operators who Imve a stable work force with relatively . 
little turnover or e^^ansion. Until the latest UMWA-BCOA agreement, 
these operators may'^ve had little incentive for or perception of a ne^i 
to train beyond the mlhimum required for compliance^ " At the other ex- 
tremej there are companies with high turnover or large e^anslon of 
their work force in progrees. Here there seems to be a preference for 
using an outside training source (vocational training) if available and 
even creating one If necessary* Where an outside source is not prac- 
tical for tha training of new equipment operators and nmintenance men, 
a fe#'iiLrge companies are using fdifnrial on-^the-job training unitSi 
Severai/operators believe that this approach (which gives a mlxhire of 
theor^^^ajnd practice In the desired safe and efficient work practices in 
a production environment) will be the best way to meet proposed stan- 
dards for trainirigi TetainingT^'and cer^ 

/ W:hen viewed ^y an pperatqr from the perspective of improving 
safety, a recurring^ theme in training is that analysis of accident^s re- 
^veals that a large majority are caused by ^dolng the job without regard 
/to the hazards involved. Thus, strong emphasis will be jplaced on tKe 
deyelopment of task analyses and'job safety guides in this training to - 
eliminate unwfe miner pracyces* These progri^nis are implemented 
through thepunlt foremen by|rairilng them In the objectives and techniqti 
of job safety analysis and accident prevention. The foremen must then 
apply the techniqMes during scheduled safety meetings of the entire unit 
or some quota of ^'safety contacts'' with individuals* Perhaps the greats 
est benefit from this approach is achieved when the miners themselyas 
take part in the.analysis of how they should perform their jobs safelyi 
In doing so/ th^y must think about and become aware of the hazards in- 
volved in their work. The Entire process also gets across the i^^^sage 
that the training is being put o_n because of serious compaAy concern for 
the employee's health and safety, dreater attentiveriessi receptlveness 
and real learning will result from this realization« 

Methods and Materials - 

The range of methods and media used to conduct miner training 



extends from leaving it up to the individual to obsjp.rve and learn from 
fellow workers to sophisticated plans for simulation of operational ex- 
perience* Moat mine operators recognize that the mine environment 
is too hazardous and 'unforgiving for expjerience alone to be the best* 
teacher. Mining laws and safety standards exiit because there are 
characteristias of the mining environment and operationg which the 
miner can and should be made aware of before atartlng work. Some of 
this is knowledge that is acquired by reading a textbook^ task sheet, 
posters, etc, , or by exposuYe to a lecture, ^film, . video tape, slide pre- 
sentation, etc* There are also skills that must be developed by simu- 
lated experience such as testing for methane in a gas box, applying - ^ 
first aid techniques to a dummy or fellow students, wearing a self , i 
rescuer, traveling an escape route, testing electrical or hydraulic | 
circuit mock-^ups, and performing .operational s^uences of e^ipmehL 
in a safe non-production setting. ^ Virtually all mandatory health and 
safety courses and production-oriented training are composed of some 
combination of knowledge and skill learniiig objectives^ Thus, the . . 
combination of training methods and course materials :come to a yery 
large number. For each of the broad jobjective categories there are - 
some patterns that were observed',in Jhe organized training programs^ 

New Employee Indoctrination - ^ 

General indoctrination, plus monitoring the mine environment, con- 
trolling the rliine environment, and dealing with mine emergencies con- 
stitute a group of course objactives that are present in miner training ;^ 
from the time a man is first hired throug4i the r^tt of his mining career. . 
The process begins with the peraqnal safety equipment—lxard hat, protective 
glasses, safety boots, leg bands, belt, and self rescijier. The new man is 
shown, lectured on, and issued this equipment. Use of the self rescuer U 
shown in film, on posterp and demonstrated by each Individual and then , as 
^ shown by too many disasters, forgotten. Next comes a brief introduction 
to the mine environment (including the geology, mine plan, ventihtion, 
roof control and mining methods) through lectures aided by various slides, 
films or tapes, posters, charts and mock-ups. This will be followed by a 
mine tour to iliustrate and reinforce wlmt the new man Has been told Hy 
the instructor in the class room, ' In one mine visited,/ the new minler 
then stays in the production setting for the rest of his training which in = 
eludes company qualification for one or more production jobs over A 
period of six weeks* ^ , 

Some companies, have the mine tour come right after personal safety 
equipment is issued in order to eliminate those new men who cannot per- 
>r,ria11 y ^fij uHfc to^the workin g efivironment. 

■ ■ ■ ^ • ' ' - 14. ■ ' ' . ; • ■ 



Moat new employee programs continue tha indoctrinatlyn with lecturcis 
, and demdnstrations coyerlng the topics of oxygen deficiency and methane 
detection devices and firit aid, l^^ilma, poBters, and aimulatipn devices 
are used to supplement, the lecture presentafcione and to give Che fltudent 
an oppprtuiiifcy for 'Viands on'' experience^ ae foaslble. More lectures 
from yarioua company departments on brganization and policy, and from 
state and union representatives on the local laws and working agreement^ 
plus some quaification testing, will constitute the balance of new employee 
Indoctwn&.Lion. Other than exposure to slogans and either monthly (the 
usual case^ or weekly safety tneetings, the average minar will not re* 
ceive any mor^ classroom training unless he needs annual qualification 
or moves on to rtiamt^enance of supervision duties* ^^ 

Safety. Meetings ' ^ 

* There appear to be two types of safety meetipigs, Onep of the monthly 
' variety^ is' not training but simply a meeting of managemeht and labor 
representatives to discuss and otherwise resolve matters of safety at 
- the-niinei — The other va rie ty -might be^a=^weekly--se 
the unit foreman to go over material provide'd by the safety and/a^'; 
training departmant on an assigned topiCi The topic and material may 
coma from the Holmes Safety; Association, the insurance/tar^rier, or it 
may ba d avaloped locally to draw upon recent lo5f.l axperiencas wifh 
hazards or improper work practicas# The fpreman'may or may not have 
received some preparation from the safaty or training department in- 
structors*. The talk may be preceded by a film or video tape In the bath 
house. It will take place at the start of the shift on Monday, in most 
casas> and is locatad in the work araa» If the topic comes 'from one of 
the mandatory safaty training coursas* tha foreman will be giyan a top^ 
ical outline and chacklist with a place for entering tha names of the 
miners that are present^i Training in some topics such as first aid 
refreshar lossons is given by the training department instructor (s) in 
tha-samej satting with appropriate training aids. 

Qualification and Cartification , 

Tha requrp^mant for qualificabioii of pei^&ons who work on electrical 
equipment appears to be sbmawhat behind the establishment of apprentice 
training programs for malntanance ptfsonnaL These are programs in- 
volj^ing as much as six months of alternate periods in a classroom and 
working in OQe.of-the, company shops. The methods again combine lacture 
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and testing on theory with demonrtrrttion and ^'hands on'* experience 
with simulators and actual equiprnent* The training for 'certification 
of foremen was found to be exclualvely dpne by the states in classroom 
settings at central locatidns in th« coal fields^ Entry into these programs 
eeem-s to be ilargely a matter of individual initiative. However, the ^ 
mines tend to be short of foremen and clearly do encourage pafticipation. 
The classes are based on lecturo and recitation methods using both 
stanriard mining texts and state^devcloped cburse materials. Other 
state certification programs for assistant foreman, mine examiner, . ^ 

shot^firer, and hoisting engineer all follow frhe same^attern, 



Supervision and* Management 



Prograrns to upgrade foreman skills in ^pervision and mining 
methods draw upon a wide variety of sources. Some lectures by 
management consultants may be included with presentations from other ^ ^ 
company departments such as safety, industrial relations, maintenance, 
or engineering. One week is a common length, but up to four weeks has 
been involved when enough foremen can be spared from production. In 
addition to various lectures, these^programs lnfclude assignment to other 
departments for exposure to the work and problems from several perspective^ 
During their time in the safety department, the foremen will conduct 
inspejCtlons ojf other mines m working se^^ns in their mines* This 
seems to 'be valuable in extiiiding a foreman's perspective for viewing 
.his dwn area of responsibility. One program that fits in the category 
of foreman upgrading is seeking to transfer the foreman's supervision 
and decision-making roles fco the entire face crew. While the autonomous- 
work grpup^ projact is not striccly a training progranl, it is an experi- 
ment in changing miner behavior and job satisfaction that seems to be 
coming up with improved safety and production records* It i^pbt men- 
tiohed here because of /any unique training methods or media used, but 
because it fillustrafees ^the differences between training that is needed to 
pass some test at an arbitrary time interval and training, organizing, 
and leading rmners to be safe, satisfied, and productive employees. 

_ ^ ' ^ _ £ . " \ ~ 

Equipment Operation . ^ -y 

Operation of mining equipment is taught in both underground training 
units and in school or mine company above-ground mine mock-ups* However, 
these programs are relatively few in number. Most miners le'arn by .observ- 
ing other miners. When they fenl^nady to try a new job; themaelves they 




will bid for the assignrricnt when open. In some iristances, these new work 
assignments come from^he supervisor to meet a need that is filled by 
the moat available miner (fiiually new) and not as the result of any 
plamied Sequence of job progression from helper to operator* When 
men are needed to operate a' singlu machine the progression from 
helper to ^jperafcor can work for informal on-the-job training nAethods, 
This apprp^ch has both limits and the inhere^^danger of the helper . 
learning bad habits from the operator* At the other axtreme, the under* 
ground training unit at a large jnetal mine used up to three "foreman as 
instructors per shift in an operator *traihing program, ^ This program 
begins with introduction to the sic natura of each machine, ^ the pre** 
shif^^ checks and maintenancei itandard operating propedures,^*%tc, , *and 

jj-ough" actual operation of mining equipment^mider decreasing 
tevela of supervision, Af^r a&signment to a production miit the new 
mirier also must demonstrate his qualification to the unit foreman befora 
starting put on a new equipment assignment, Th^ methods employed 
here include a combination of lecture, home-work, demonstration^ and ' 
practical exparience* Use of combined training and production work , 
uni ts^ to provide op ei^^ several of the coar 

mine oparators contacted and has beanlput into effect in at least one ^ 
casa^ It has also been learned that othier operators are now; seeking lo 
star.t such a program on a trial baa is* 

Oaneral . : . 

Course materials vary with the topic^ as should ba axpected. Wide- 
spread use of MESA films, video tapes, transparencies or slidas, 
poitars, and instruction guides has already been rioted* Several com- 
panles are preparing their own video tapes of lectures and demonstra- 
tionst The ^extensive use of films and video tapes in some progr am s 
rapresent attempts to compensate for the lack of qualified instructors. . , 
When this means that the desired information is being presented by t^^ 

ost suitable iristructor, or that a larger number of miners can be 
reached than would otherwise be possible, there can be no argument 
with* this use of audio- visual media. Where there is no^ provision for 
trainee response or es^erience and instructor feedback, a fmply watching 
a filrn or tape can easily be a waste of time* , The provision for response 
can be relatiyely sinnple, A checklist or list of questions along with the 
appropriate apparatus for demonstration by the person leading the follow- 
up discursion is apparently successful. Training aids^'fdr first aid courses 
are numerous and are frequently employed, especially devices for gain- . 
ing experience in artificial respiration. A glass roofed mine model is 
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often used to illuitrate the mf^thods of mine venLilation* Other mockups' 
observed included devices to illuatrate articulated steering, effects of 
chatiging the center of gravity Of loaded equipment, and the logic for 
drilling patterns and shot sequence. 

Mining law and conipany safety'or operating standards are frequently 
printed in pocket-siEed pamphlets given to all employees* Many are il« / 
lustrated with cartoons showing the results of improper work practicesy 
This tends to be the eKtenfc of the material given the hourly employee for 
home study* Other more elaborate self^study materials were not ob- 
served during this.surveyj although it IB known that various self^'paced train 
ing counses are being developed No one contacted expected that any form 
of home study will gain widespread acceptance and use* Many, however, ^ 
did agree that any approach to traLning that would get the attention of 
more mineTs would be worth trying* - ^ ^ " . - ! 

Instructors . ^ . 

As with any effort to pass information from one person to another,^ 
the success of teaching mine safety is highly dependent on the character- 
istics of the instructor* In order to impart knowledge and to develop 
attitudes favoring safe workipractices, an instriictor must be well- versed 
in both the subject matter {technical skills plus experience) and'ln the 
techniques of transmitting the knowledge and attitudes necessary to in- ^ 
still safe work habitsi' The technical skills and experience of the in** 
struators observed in the survey were uniformly high. Many \^ere 
former foremen or managers and their backgrounds satisfy th'e require- 
ment of knowing the subject matter. Transmittal or teaching skills were 
more difficult to assess than were background characteristics. One . 
general observation is that instructional skills seem to be less well- 
developed than are technical skills* Similarly, teaching skills, seem to 
be less uniform from instructor foHns true tor. 

In most cases, instructor Si^Ww^ef; experienced miners or eKperienced 
in their technical field (e. g, ,.felWtricity oi' hydraulics)* The length of 
time each had worked as a minerKand the jobs each performed varied ' 
widely, but all those who had some firsthand experience Viith mining 
had been foremen or engineers* Most state instructors and a number of 
the instructors in larger coal cbmpanies had been active in the mining 
industry in other capacities* 'Many instructors in formal training programs 
vvere MESA certified* Night program Instructors at vocational schools 



. tended to be men working in supervisory or engineering pcB Itions at 
nearby mines. 

In the case of on-the-job training, the instructor's background is 
more difficult to determine since such training is usually carried ouf 
by the miner's immediate supervisor. The foreman responilble for 
. on-fcha-job training of a new man or man ctenging jobs will usually as* 
sign this trainee to work with an experienced miner* This arrangement* 
of course, allows a great deal of fleMbility in the length and style of 
the instruction and certainly provides one of the best student to teacher 
ratios (usually one to one). Unfortunately, the approach also allows for 
a great deal of Inconsistency in the quality of the instructibn. Unsafe 
work habits can be transmitted as easily as proper ones and ifriifferant> 
if not negative, attitudes toward safety precautions are often passed 
from old to new miners via on-the-job sessions. The problem is not 
that on-the-job training is inherently bad or even deficient, it is merely 
inconsistent from case to case and very difficult to monitor and correct 
or improve when It is inadequate* On-the-job training can be strengthened 
by use of check-off lists to note progress and insure that a minimum ^f 
topics will be covered* 

Foremen usually provide most of the safety training per se * Such 
training usually consists of the mandatory safety instruction plus occas- 
ional topics chosen by the foreman himself or other mine officials, de- 
pending on local custom. Safety officers often try to use recent and 
known mine accidents as the basis of lessons for the regularly scheduled 
safety meetings*. When a mine had designated safety officer, he was 
found to be in communication with his counterparts from other mines 
and state and federal agencies* Encouragement for sharing of ideas and 
appt'oaches to safety programs via private assoclational activity and for 
state or federally sponsored ^^rkshops and conventions is going on in 
some regions. These efforts need to be nurtured and should focus moie 
attention on instructional approaches and motivational techniques* 

Motivation 



The term motivation refers to the whole spectrum of efforts mrfSe'to-n 
make the individual miner aware of the hazards Involved in his wotU and * 
how to avoid accidents and injury. These iefforts can even begin with 
training given the miner before he is hired* Pre-employment vocational 
training programs for the young man seeking a mining carper will usually , 
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guarantee a graduate a good job with a mining company or a mining equip- 
ment manufacturer. Ilence, there is some built-in motivation to take 
advantage of this type of training, including the safety training offered. 
Some problems do arise when the graduate is not able to bid on jobs 
for which he has been trained in school because of union seniority 
bidding prbcedures. Consequently, bidding policies can have a negative 
impact on the motivation of a young person to seek vocational training 
for a mining career, unless the training can be integrated into a work- 
study program that provides for building up both the needed skills and 
seniority at the same time* 

Safe work motivation techniques used by companies to improve the 
safety records of their opnration can be conveniently put into one of three 
categories. These arc the safety consciouness raising effortSj the reward 
incentives programs, and the organizational change approaches* The 
first two use a series of ''gimmicks" (no negative connotations are to be 
implied) in order to make' the/niiner more aware of hazardsv and to think 
positively abour^^rk practic^ps that avoid these hazards. These programs 
may consist of signss posters, decals, and verbal communications (both 
personal and radio mu&sages) designed to stimulate thought about safe work 
habits* , I , 

Closely linked to the advertising approach, is the incentive- reward 
approach. In this case the miner is rewarded for periods of accident 
free work. The rewards range from bonus pay to trading stamps. Some 
companies give discounts on safety shoes and boots or other goods to 
workers with good safety records. Prizes may be, given to the wives 
of employees who know the current safety slogan. Family participation 
' has been found to be an important source of miner motivation and is 
encouraged by companies through such efforts as giving, prizes to miners' 
children for creating the monthly safety slogil^ or poster and aponsbring 
annual safety banquets or picnics. Negative reactions and miner resent- 
ment to involving families was cited by few of the companies surveyed. 
This seems to stem from strong adversary feelings between management 
and labor where the prizes are seen by the miner as an attempt to shitt 
him loyalty rather than induce him to work safely. 

The third category consists of those efforts made to 'increase safety 
and production by making changes in the actual organization of production 
operations. These efforts are experimental and limited to a few companiea 
and usually to a portion of the total work force. In its simplest form, 
the approach consists of efforts to train foremen in better leaaership 
techniques. The more sophisticated techniques employ efforts to develap 
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new and more satisfying roles for both the foremen Shd the workera, 
to improve communication between the foreman and his men and Lo 
involve the men more directly in tJie decision«mak4ng probese of the 
company, particularly in regard to safe work practices* 

On an even more limited scale] experiments are being cm ducted in 
which the entire organization of production is being altered. While such 
programs are few in number, they deserve attention because of their 
potential pay-off to the coal industry and because they are now being 
paralleled with new organizational techniques being tested in many other 
parts of private enterprise, educatioti, and government; particularly the 
military. ____ , . _ ^ 

The ;Underlying theme o^f thfese efforts i^ the increased independence 
and responsibility of the individual work groups in the mine. The thesis 
is that increased productivity and safety will be realized by developing 
a production organization that allows the work group massimum autonomy 
in its operationr In some cases, in exchange for greatly reduced company 
supervision and direction, the work group relinquishei its grievance pro- 
cedure, taking on the responsibility to solve its own problems* Obviouslyi 
initi^ng such programs requires a great deal of cooperation and support, 
from both union and management. 

The benefits from these programs have been demonstrated in the 
experimental cases but they are too few and too new to have yet been 
adequately evaluated as a possible course for a large portion of the coal 
industry to adopt in its effori: to improve both production and safety, ' 

Follow-up Survey 

Upon completion of the draft summary report* copies ware sent to 
organizations cooperating in the survey for review. Plots of seyeral 
Relationships between training and- injuries ihowing individual mines and 
company or division results were sent to mining companies along with 
the appropriate survey narrative. In general, this review did not disclqee 
the need for revision of the training program descriptions, analysis 
findings, or recommendations. Five elements of new information were 
turned up that will be added to this summary. 

■ " ■ " . , ; / 

Mine mahagement and leadership emerge as a dominant theme in the 
follow-up discussions. Training for supervisors in leadership and 
communications skills is now available from several commercial and 
academic institutions. Numerous examples of mine operators who are 
seeking solutions to their labor, productivity, and safety problems , 
=throug.hi.use==o£^thiS-=type=o£ tr^inin^^^ 

to ba wall satisfied with the results obtained, however, no rigorous 



evaluation is possible.' Opcratur gkill training in cither underJfOTnd'",^ 
or simulator onvironmunts for coal mining still appears to be limittjfl 
to providing a fixed aniount of axposuro and hands on experienco without 
testing the trainee skill relative to sonie ''production standard" as was 
found in a large metal mine. Check lists and safe job procedures develop 
for formalizing on-the-job training are very detailed and complete. So 
detailed, in fact^ that one may question whether* they reflect the normal 
work procedures that are followed. For example, the time planned for 
roof bolting in the "typical'' production cycle and observed in various 
time studies is not realistic if the bolter were to perform every step 
on the "appro^^ed procedure* " Care must be taken to avoid training one 
thing while demanding another when actually engaged in mining- 
More and more vocational-^technical schools that are just starting 
to offer miner training or have been doing so under state or HEW Office 
of Education support turn up as tirne passes. The content of these 
programs varies with local needs, Maintenahce training appears to be 
a dominant topic. This probably reflects the fact that maintenance man 
apprentice or trainee has been a easily defined job bidding opportunity* 
The provision for formal skill training and standards for other mine ' 
occupations will probably lead to greater involvement bf vocational^ 
technical schools in the area of equipment dperation. The most effective 
use of this training resource seom^to be iri^the proyision of training in 
the skills needed in a miners next job rather than a one or more year 
sampling of all the skills and knowledge that can be assembled on the 
subject of mining. There is a need for managemeht and labor to agree on 
more than just a need for training now if the time and resources devoted 
to training are going to efficiently produce more and safer miners to 
meet the needs of likely industry Expansion. ; 

■■■ ^ I 
Finally, the fact that interpretations of first aid and lost time 
injuries do vary was called to our attention* Analysis that compares 
the injury rates reported by one company with another company/ or 
mine will, of course, be biased accordingly. However^ our main 
concern in the quantitative data analysis is with the change over time 
within a reporting unit. Evaluations of effectiveness were therefore 
not biased by mine to mine variation in what gets reported. At| the same 
time the available data is limited by its apparent quality and ajlack of 
common definition between reports of accidents and training whose 
objective may be reduction of accidonts, * - 
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ANALYSIS AND EVALUATION 



Over view. ^ 

Study of the relationships betwean total training effort and overall 
accident records centered on two pairs of measures* Total injurios 
per million man hours versus total employee -courses per million man 
hours is the first relationship. The eecond is total lost days per 1,000 
tons versus total employee-courses per 1^000 tons. Both give essantially 
the same results for identification of effective and ineffective training, 
but the latter is of interest because it can be rescaled to represent. a 
comparison of the production ^^costs'' of accidents and training. 

The analysis has included both the 300 individual mines and aggregate 
scores for companies or divisions* Quarterly and annual time inter^^-ils 
have been used. Time lags between training and mjury rates(and the 
reverse) of zero, one^ and hs^o quarters or years were considered. 
Cross plots were studied for 2 5 po^lble hypotheses for the relationship 
between levels of, or changes to^ training rates and levels of, or changes 
to^ injury rates* Because all the training has not been uniformly effective 
and because many factors other tlian training also influence injury rates, 
these plots, were not e^^ected to cither prove or disprove any of the hypo^ 
theses* Finding clusters or bands inferring some systematic distinction 
between groups of mines Would have been useful for the derivation of re- 
commendations concerning the nature of the training effort needed for 
effective training. No simple formulas for effective training are to be 
found in either the hundreds of plots or in the identities of mines, com- 
pa^nies, or divisions that fall within the two areas of the plots that could 
be defined as effective or ineffective. . The general nature of how total 
training and total injuries have varied in the 300 mine cross section of 
the industry is summarised below by some tables. and examples of plots* 

Although study of the plots found evidence that high and increasing 
training rates are generally associated with low or improvmg injury rates, 
was also found that the evaluation criterion should consider more than 
just one or two points in time* A more detailed s^dy of the entire time 
series data using both quarterly and annual aggragations sought to improve 
the classification of programs into effective and ineffoctive groups* Each 
mine# company, or division was given a weighted score for each period 
of training (quarter or year^ based on? . ' 

-31 ^ ■ ■■ 



t Training rates that ami the previous pnriod and 
the average training ratu for the 1972^1974 
interval, 

t Injury 'rates in that and the following period and 
the average injury rate for that minep 
company, or division. 

The average score or ^^effectiveness index'- was used to rank the mines 
or companies and divisions into approKimate quartileet Cases in the 
top and bottom quartiles agree well with the results obtained from the 
bivariate plots. The main difference is that slight decreases in training 
rates and slight increases of injury rates are not arbitrarily excluded from 
the evaluation or considered ineffective. . 

Compa^rison of training program descriptive information for mines 
apparently having the most and least effe<A^e training was not able to show that 
any particular training method or procedure is more affective than anothar. 
There are simply too many exaniples of all approaches to training that 
can be found naar the top and bottom of the effectiveness rankings to be 
able to associate one characteristic with success any more than another. 
Nor is type of company, mine* seam, or location of any Importance in 
accounting /or a miners ranking in training effectiveness* Elimination 
of the mix r f training effort between the several categories of course 
objactivea did reveal some important distinctions. The ratio of instructors 
to employees and also the percentage of . quarters in which training was - 
given show the greatest differences betwean the most and least effective 
training programs. Pinally, an example of how effectiva training can 
reduce lost day rates was developed. 

Total Training Versus Total Inj\irieE 

Plots of Lost Days Per 1,000 Tons Versus Employee-Coursas Per 1,000 Tons 

The examplas of the rasults of plotting a maasura of training rate 
varsus a maasure of injury rate are drawn from the work dona by using 
production as a basis for tha ratesi Thesa ware selected sinca both 
lost days and employee«coursas can aasily be intarpretadjas^costs. Fi- 
gures 1 aftd 2 are plots of the changes in the lost day rate from 1972 to 
1973 and from 1973 to 1974 versus tha change in the training rate between 
1972 and 1973, These plots use a logarithmic scale to facilitate identi- 
fication of the large number of the 140 mines that had relatively' small ^ 
^'"The. differences we^e obtained so thdt positive values represent improvement 
to lost day rates and increaies in training rates* 
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Changes in Lost Day and Training Ratas 
without Time Lag 



140 Individuml Mtoat 




4 i 4 ? 



Chmge in Employaa^ Caurtei Par 1,000 Teni 
(1973 Minus 1971) 

Figure 2 . 



Changes^ in Lost Day and Training Ratea 
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changes. The right hand sides of Lhuse plots show the 96 mines that 
increased their 1973 rate of training over their 1972 training rate* In 
1973 only 44 of those 96 mines had a decrease in the lost day rate from 

1972 levels. Looking ahead a year finds 79 of the 96 mines had imprDved 
lost day rates. Not shown in these plots is the fact that some 55 of the 
96 miners increased their training rate again in 1974 and this seems to 
explain 26 of the 47 cases of lost day rate improvement in 1974 but not f 
1973, Of the 44 cases of decreased'lost' day rate in 1973 only 12 changed to 
increases in 1974 even though rill but one of these are associated with 
continued increase in training rate in 1974, Of 44 mines that decreased 
their training rate in 1973 only 12 had improved lost day rates in both 

1973 and 1974, All of these 12 mines had relatively high trd ming rates in 
1972 and all are part of largo compaTiies that have active safety programs 
that do not show up in the MESA training data. Another 22 of the 44 rnines 
with a decreased 1973 training rate had lost day rate improvements in 
either 1973 or 1974, Again, these can be associated with very highJ9t2 
training rates or an increase in the 1974 training rate* In summary, 
nearly all the improvernents to lost day rates can, be related to a high or 
increased training rate. Study of 31 increa^^es to lost day rate in 1974 
finds only 15 cases of increased training in 1973 to 74 that might be 
tertnt-d 'Hneffective. " This says a great deal for the overall effective- 
ness of training; but these findings'cannot be derived from study of any 
single palr^of training and injury rgite observations, 

A second way of viewing the data presanted in figures 1 and 2 is to 
divide the change in training rate into quartiles artd determine what pro- 
portion of mines in each quartile had Improved lost day ratea in.l973 
or 1974, Lost day rate improvements associated with 1974 training rate 
increases should be excluded and ^were when the:distinction was possible. 
Table I lists the results of Ihis tabulatioh of changes, 

... -■ ^ ' 

- TABLE 1 

PERCENT DECREASED LOST DAY RATE BY QUARTlLEXlF " ; 

• THE 1972 TO 1973 CHANGE OF TRAM mO RATE 

Quarlila of Change of Training Rate 
Year of , . 

Lost Day Rate (Greatast increase to greatest decrease) 
Decrease First Second Third Fourth 



1973 40 54 50 47 

1974 . 86 • 86 61 35 
J3oth 31 43 n 23 



There ifi a &irly elear indication from the 86 percent bnprovemt^s in 
1974 for the Wo qumrtlies of greateat Increase in trainmg that inereaaed 
trmining ia tiiore likely to be associated with improved lost rates than 
is. decreased trainings But it is also clnr that the evaluation needs to 
consider more timn Just the changes in order to accurately nte the 
effectiveness of the %^rious training programs. This can be seiin frmn 
the prof^rtion of mines with a decreased yet stiU quite high training 
rate in 1973 that is associated with improved lost day rates in 1973 and 
1974, The ne%t set of plots wiU deal with both levels and changes, in 
trailing and Injury rates over the 1972 to mid-1974 period. 

The 140 mines in the plots of Figures 1 and 2 represent^ companies 
or divisions ranguig from 1 to 30 mines. The aggregate com^ny and 
division lost day and training rates and annual changes are plotted in 
Figures 3 through 11> Figures 3 and 4 are the c'ross plots of the two 
annual changes of the rates without ^ime lags wd with the lost day rate 
change lagged one year as in Figures 1 and 2. Figures 5« 6^ Md 7 are cross 
plots of the same change of train^ rate from 1972 to 1973 versus the lost day 
rates in 1972, 197^ and 1974, respectively^ jflnally, the last four plots 
through 11, pull all the Information together by showing the 1972 training rates 
versus 1973 lost day rates and 1973 traimig rat^s versus 1974 lost day rates« 
Figure i shows all cases while Figures. 9 through 11 give the examples of 
effective and tneffective cases of increased training and the cases of decreased 
training. Of the 43 companies or divisionsi 

# 19 eMpertenced an improved lost day rate In 1973 with the 
median change being a 0, 2S day/ 1« 000 tons increase . 

# 29 experienced an improved lost day rate in 1974 with the 

median ehange being a 0,45 day/ 1, 000 tons decline. ^ 

m 12 experienced declinas in both 1973 and 1974. 

# 8 experienced increases in both 1973 and 1974. 

^ • 33 increased 1973 training rates over the 1972Mevels with 
" the mcdiiin cha^^ being a 0. 50 employee*-cour tons 
increase. 



Dividing the change of training rate Into quartiles gives three ranges 
of increased training of U cases each and 10 cases of decreased train{ng« 
In each qtiartile the changes, that tMk place werei 

• Largest increase in training rate (11 cases) 

• 5 improved lost day rates in 1973. 

• 3 of those 5 improved again in 1974. 

• 4/4ases shifted from increase in 1973 lost day rale 
QTer 1972 to a 1974 innqprovement <deorease)t 
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Changes In Lost Day and Training Rates 
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Ending Lost Day Rata and Change In Training Rate 
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, Figure 10 ^ 
fceimples of Ineflective Training 
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• Mid-r^nga jncrfeasc in training rate (I I cases) 
, 5 improved lost day rates in 197 3 and one 
Btayed at aero* 

That one (srnaU company) stayed at^ero in 
1974 and 4 of the other 5 continuei^ to improve 
their lost day rates in 1974. 
, 5 cases shifted froni increase in 1^73 to improved 
lost day rate in 1974. 

... # Least increase in training rate (11 cases) 
4 improved lost day rates in 1973. 
* , 3 of tKose improved again, in 1974, 

6 cases shifted from increase in 1973 to . ^ 

improved lost day rate in 1974, 

© Decreased training rate {10 cases) 

. . 6 increased lost day rates in 197 3, 
f J' # 4 of thdse h inci^eased again in 1974, . 

. 8 pf the 10 had higher, than average lost r 

day rates In 1974, ' 
. The other Z cases are one large company whose 
' M safety training does not appear in the MESA ^$LtWL 

and a small corhpany that went from two ftiinor 
to zfeco injufies, . . 

An improvement to the lost day rate that cor;|*esponds to incr eased 
training rates is almost twice as likely in the following year. As noted 
earlierf part of that improvemant mu§fc also be aitribufced to training In 
the, following year^. but for purposes of identifying cases of effeoflve 
and ineffective training using a time lag seems to be appropriate. The 
changes plotted in Figures 3 through 7 and why the training appears to 
be more or less effective can be seen by placing 1972 training versus 
1973 lost day rates and 1973 training versus 1974 lost day rates on the 
same cross plot 'Figure 8h Connecting the two points as is done in 
Figures 9 through U shows the changes platted earlier on Figure 4, 
Figure 9 gives the E 6 examples of effective training that appear in the 
upper right hand quadrant of Figure 4. Figure 10 gives the 7 e»mples 
of increased training and increased lost da^y rate appearing in the lower 
right hand or •4neffective^* quadrant of Figure 4* Figure 11 shows the 10 
decreased training cases where 6 of the 10 had corresponding Increas 
in their lost day rates and only 2 had batter than average decreases in 
lost day rate (irnprovement)* 

■ - , ■ "42 ■ 
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These plots indicate that there Is variation In the affectiveness of 
ovarall training as re^rtod to MESA, and that increasing or high 
training leVels tend to correspond to^ Improving and low Idafc day rates. 
There nnay still be some question of damonstrating that a causal rela- , 
tionship ansts as/well as the riaed to consider injury rates both during 
and In the year after the training being evaluated. The next section will 
seek to dear with the latter quasttonvStlU another problam-is-the fact - 
that many mines with virtually idantical training, programs fall into both 
effective and ineffective groups; This could mean that tha program char- 
acteristics may not have much bearing on effactiveness. 

Annual Evaluations of Total Injuries Par Million Man Hours Versus Total 
Employee-Courses Per Million Man Hours . 

Qrouping the various approaches to training miners into effective 
and ineffective sets for comparison on the basis of annual changes and 
a one year lag between training and injury rate was not completely satis- 
factory. Some cases are neither clearly effective not ineYfactiVQ, oasas 
of decreased training are excluded/ the level of training an d injury ra tes 
is not considered^ and only one of thrsa periods of training (1973) in tlie 
available data is being evaluated. In order to bvercome these objections 
the follpwing questions were asked about each mine» company « and 
division training rate for'1972| 1973, and 1974* 

* Did the training rate increase or dacraase from 
the prior year? 

* Where the''' training rate decreasedp was it above * 
or below the three year averige, or was it zero? 

Equal weight was given to increased and above average training 'rates. 
Below average training rates tlmt were decreased were given partial 
credit for improved or low injury rates, but no training at all received 
a ^ero score. The scores given each year's training depended on answers 
to the following'^ questidns about injury ratesf 

• Did the following. year's Injury rate increase or 
decrease from its level in the current year for the 
training being avaluated? 

• Where the injury rate decreased, was the injury 

rate of the current year above or below average? 
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• Wheije the injury rate increased or did not cjhange, 
, were bwth injury rates aboyi averaga, both|below 

averaga, or was only the/current rate below average? 

Decreases to injur^ rate^fehat were p^^lready below averaga for that 
organisation Bhould be harHSS^to aenieve and. were given |greatest weighti 



Increases to abov^ average injury rates are defined as in^effective and 
were given a negative score* An increaied injury rate that was still 
below average^as given a parbially effective score* Mojving from a 
below to abovi average score/was given slightly less wei^ght in consider^ 
ation of the Jikely contribution of training toward keepinjithe rate low 
in the current year. . / / ^far^ ' ' 

■ ^' r ■ /■ ^ ^ ^ . ^ " . 

Training in 19.72 was scored as if it was a decrease in^order to give 
different weight to above and below average rates* - Forj 1974 tr,aining 
^973 in iome other dases^ no change of injury rate is assumed and the 
score is based entirely on the current injury rat,e, Scop^es of 10, 8, 6, 
4, 3y 0, -3^ and w ere possible for each year of training. An average 
score or ''effectiveness index^^, , Elj was calculated for-,eachrminep company, 
and division* A second score for each aggregate unit was , also calculated 
from the scores of its^component muics. The distribution of these average 
scores for companies and divisions by company type isj given in Figure IE, 
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Such a ranking of mines , rompanies, and divisions should be more 
accurate fclrnn an evaluation on the basis of l:wo sets of annual changes 
to tUu trainirig and subsequent injury rates. The results were much the 
same , however,, except for havjng a range of possible scofes instead 
of just two effective and ineffectiye categories. Nor do comparlioifs of 
training approaches between the top and bottom portions of the range 
appaar more Truitf^ 

for 17 of the 24 companies or divigions of S or more mines. Part of this 
might be explained by riifferenccs in olher condLt:4ons at those mineHj 

but it is not possible to control for such factors, with the e»ating data 
sets. Some differences between the most and least effective training 
w^e found* but .first a more rigorous approach to ranking the^'ef fee five- 
ness will be briefly noted. 

Quarterly Evaluations of Total Injuries Per Million Man Hours Versus / 
Total Eiriployee-Coursef Per Million Man Hours 

A quarter by quarter study of the /jverall training and injury rates 
was conducted to se6 if a lag of one^ twOp or^three quaTtprs-might-be-^^— — 
more appropriaLe than one, year. The use of up to eight evaluation v , 
points ratn^r than ihrce might be less subject to artifacts of the evalua- 
tion logic. N^lso I he first and last periods can be deleted without recoursi- 
to special as^aiimptions noedcd to force a score; The logic was again 
based on tAe,a^mu two questions about the change and levels of the training 
rate as were useCf^r annual cvahial ions* ^ 'I'hnn the injury rates were 
chocked to see if; 

^" ' ■- 

m The injury rale in the next quarter was an 

increase or decrease? 

• For increased injiiry rates, was the next - 
quarter's level above or belbw average for 
• that orga'nization? . 

A count of the iequence of rhanges over four quarters was made to 
see if any particular pattern is dominant. Over four quarters there are 
eight possible iequences for cither training or injury pates. The eight 
by eight matrix relating thc.seqticnces for the two rates is showi in 
Figure 13, The total number of four: qtiar tcr seqiiences In the data tiets 
is jiist under 200 since thnre are up to seven for each of the mines* 
With just a few exceptions !hr digtribution of sequences shown in Figure, 
13 is nearly random. 
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Patterns of Changed Injufy and Training Rates- 

ilncraa'sad^ decreasedf and then increased training rafces stand out 

as representing almost a quarter oif the sequences in the training rata 
time series. The sequences of injury rate consisting of 2 or 3 decreases that 
make^jip more than half the coluiTm total here are a sign of generally positive 
results associated with increased training, I|nprovad Injury rates may 
^lead to a decrease in training as well as the opposite catisal relationship 
in which high traintog ra'tes or increases follow increa^sed or high injury 
/ rates* However^ the fact that one injury rate sequence (+- + ) is the highest 
cell percentage in the matrix rather than the {+-«^ sequence also indicates 
something about the influence of injury rates on t Frott the per- 

spective of the influence of injuries on training the percentages of Figure 
13 show that a two quarter sequence of decreased injury rate goei with a 
lower training rate in the second quarter* This can also be observed in 
data for training by objectjve category yerstis injury type. An implication 
of this could be that an Increase of injury rate is more likely to follow de- 
creased training by one quarter than the. reverse (namely, decreases of 
injury rate in the quarter following an increase in training^. ' Low injury 
rates seem to represent unstatle situations requiring essentially steady 
pressure from training and other safety activities If thay are to stay low. 



Per cent a ge of t otal four quarter aequencQ^ are ah^ww fn ^nrh ^ c ell, 
Not aU totals check due to rounding to nearest tenth. 



*rho criteria scluclod for t^valiiating a quarter's Lrainiaft on Ihci basis 
of the next quarter's injury rate give a score of 10, B/ 6, 4, 3, Oi -3, or 
-5 for each quarter o^cupL the last. In most cases this wo\ild be nine 
quarters whoea scores were ! hen averaged to obtain an effeeti vnnuss lndc?3C 
for 179 individual minnsV shops, and preparation plants, plus 67 copripany. - 
©r division aggregations (^6 arc mitually excluslye). Figure 14 preaunl^ - 
t h'e^ d i s fc ri b u ti on p f- ihd 1 v i du a V vi n i t— t r ai n ing=,ei fee t ive ns s indices by com pa n y 
type. Each score was qornpared wi^h the results of the annual ^VOuaricynsT 
Ten cases were found in which the ranking had changed between the uppur 
and lower quartiles. Another 15 cases had differences that amount to the 
span of their quartile* (Company and division , aggregate scores were 
essentially unchanged* , ^ ' ■ . 
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Figure 14 



Distpibutlpn of Quarterly Training Effectivenoss 
tidex Scores by Company Type 



Company typa distributions in tho quarterly ivaluatlons ^seern to indi- 
cata that the steel company (captive} operations tend to rank toward the 
mostly effective end of the range which differs from the ann\i4l evaluations* 
The high jst percentage of small independents appear in the lower half of 
the range ap shown in Table 2* another shift from the annual results. 
The percentages in this table show both the state and company type dis- k 
tributions bafcween the upper and lower half of the effectiveneai index 
; ra^nga;s for annual and quart erl:^ 

a few mines In the sample^ the highest 'percentage tending toward low or \ 
high is the 67 percent of the Kentucky mines taridtng high aacording to \ 
the annual evaluations* Overall, no particular type, of compi^y or state 
appears to hold the key to effective trainingi ^ . r 

' . TABLE 2' : ' " - 



LOWER AND UPPER HALF PERCENTAGES BY 
COMPANY TYPE AND MME LOCATION 



Annual 


' Lower Half 




Upper 


Half 


Quarterly 




_=AnnuaL 


^Quarterly 


Annual 


Quarterly 


Number 


57 


58 


37 


Captive 


\ ■ 42^ ■ . 


63 


27 


; L86 


46 


49 


Large Inde 


54 


51 


132 








:pendient 








31 


• 14' ■ 


S6 


Small Inde- 


26 


44 . 
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pendent 
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75 


75 


Metal/Non- 


25 


25 
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Metal 
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100 


100 


Alabama 


0 ' 
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I ' • 


■ 3 ■ 


100 
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Colorado 
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, 100 
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34 


46 


47 


Illinois- 


54 


53 


15 ' 
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33 


Indiana 


100 


67 


' ■ ' .3 : , 


33 


33 


. 41 


kentticky ' 


67 


59 


29 ■ ■ 
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50 


50 


Michigan, 


50 


50 
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• 11 


36 


45 


Ohio 


64 


55 




J 8 


60 


56 


Pennsylvania 


40 


44 


^ ■ ^ .34; ■ . ■ 


1 ^ 


100 


100 


Tehhassee 


0 


0 


] . ■ 


4 


100 


■ 25 


Utah . 


0 


75 . 


' ; 4 • 


33 


63 


60 , 


Virginia 


37 


40, 


33 , . ■ 


9.4 . 


. SO 


' : 42 


W. Virginia 




58 


45 



Some companies or divislong having very good aggregate rjvaluationH 
rnay have several mines ranked rather low for training effectivoney s. 
Part of the mines tralnlr^g at a high rateV rank low in contrast to spni^ 
w i th ti^irintng ° r a 

4n the training they are doing at a low rate. Much of thli can not be ^ 
explained by the analysts of the existing aggregate data, T^ere are, 
howaver* m few other characteristics of the mines and their training , 
programs which can be compared. * k 

In the- 1974 data obtained from MESA/, the instructor's social 
security number was listed. Counting the number of instructor's, 
being used and dWiding by the emp^loymeht' {potential trainees j .provides 
one training program character\istip for comparison of leffective and 
Ineffective programs. The result of this comparison for the top' and 
bottom ten. mines of the quarte rly effectiveness ranking shows that \ 
^Rmployee^to^ instructor rat io coulfr be .an irhportant fa ctor/ The 
average erriployee-to- Instructor ratio in the, top ten mines is 23rl. . 
For the bottom ten^minys that ratio goes up to 64:1, Not one mine in 
the top ton has a ratio aboye the 64il average, pf the Ipast effective ^ \ 
programs. Only two of the bottom ten have a^ratid lowe r than E 3* 1 , 
This does not say anything about who the instructors are, who thqy work 
for, how often they conduct classes, etc. , but it may uphold the classic 
theory that the lower the student to teacher ratio; the more effective.; 
the classroom situation. This also may well indicate something about 
the general level of effort going Into the tra nlng program and the returns 
in reduced or continued low Injury rates. 

\ ' ' ^ = ■ ■ ' - .■ -■ ■ - 

. A second comparison between the top and bottorh ten mines was also 

'derryed from the basic input data. The question here concerns the mix 

of course-hours between several. categolFies of training objectives. The 

most effective training programs are expected to have a larger portion 

of thfeir effort in the categories of courses for ground controli hauragc, 

machinery, and general acctdent prevention and less In the categories 

of mine atmosphere testing, first aid,* and mine rescue in the distribu- / 

tion o/ course-hours than would less effective programs. This expecta- 

tlon was based on the results of evaluations of each'of these training 

categories in terms of the corresponding accident types. These accident 



preventlpn catagories of training were found to be very effective in 
reducing injury rates. Table SSindicates that if there is any discernable ' 
difference in the miK of progra^effprt, it is the bottonri ten nriines on 
the overall effectiveness ranking ^at tend to emphasize the accident 
prevention courses. While this se^ms to be a contradiction, a posBible 
reason for this result can be found m the identity of the 20 mines. 
Seven of the top ten belong to large cMnpanies that use their o^n pro- 
\grams to stress awareness of job haz^ds and safe work practices through 
job safety analyst 

is true of only throe of the bottom ten mtoes in the overall effectiveness 
ranking. Two of the ten also reported ^nd^ training in the MESA courses 
of the accident prevention categories* The percentages in T^le 3 also 
demonstrate the disparity that exists between effort reported in the op* 
tiorial areas of accident preventipn and the mandatory training categories. 
An average duration of 50 hours for electrical qualification/ requalifica- 
tion makes the course-hours in this category very high relative to the 
percentage o* electrical type injuries. The other very high percenta;ge 
df effort comes in the first aid /mine rescue categories and is indicative 
of the %at that reported training largely consists of activity needed to 
remain in compliance rather than an accurate representation of all 
"^trrtning^effo rt . - — — — — — 



TABLE 3 

TRAININO PROGRAM EFFORT DISTRIBUTION'*' 



Training / 
Category 

Accident Prevention 
Electrical Qualification 



Ton Most. Effective 



All 



Ten Least Effective 



Training Pi-OB rams ■ Minej^ Training Programs 



5. 6 
38. 3 



4. 9 
50. 0 



7.4 
36. 0 



Mine Ventilation/ = ' 

Atmosphere Testing ..16. 3 

First Aid/Mine Rescue 35, 0 



15. 0, 
26. 0 



10, 5 
42. 1 



Mine Law/Safety 
Program Administration 



4. 7 



Percentoge of totel training hours. 



3. 6 



4, 0 



ERIC 



42 

50 



Traifiln^ Obje ctivu Categoriies Versiis Inj ury Types 

Cppsa - si^ctional teata of annvial\aggregations of training in Ihe 
several categories defined earlier and totalj injuries or specific Injury 
types were carried oUt in a search for aystematic relationshipa between 
training ratea in various objectives and corresponding injury rates. 
These teste found thats . ' 

• The relationahip between total training rate and total injury 
rate for the 180 mine sample was weak at best, 

- - - . ' ^ ■ -. . - 

0 Any evidence of a stronger, causal relationship would need 

to come from time geries analyses of, specific training ob- . 

Jectivea and injury types, ' . 

• The mi% of training objectives seemed to be biased toward 
/ general topics that are not accident causes, . 

— — Gont^inued -work- wifch-tiie- time- seM^ — 
X^^^ injuries described in the pre.yious aecfcions did not seek to damonstrate 
that overall training hay any causal linkage to injury rales. It was as- 
sumed that this would he at least partly true for mostly effective train- 
ing and not true for training that fails to satisfy the definition of effec- 
tive. All mines in tho data set were rarAed oh an "effectiveness index'* 
. ^ according to this basic evaluation criteriai . . 

Work on evaluation of the several categories of training objectives 
began by consideration of thousands'*^ of plots from the annual time 
series 1972/1973^ 1974 ( first half ). There was no new information ob- 
tained that was not disclosed by the aimual cross sectional tests. The 
set of plotb was repeated with data aggregated by quarter with the clear 
indication that there are many eKamples of effective and ineffective 
training, given the definition of effecfcive that requirea a decrease of in- 
^ jury rate/in the next observation (year or quirterV*^ When dealing with " 

a specific training objective category and injury type (e* g. , ground con- 
trol and roof or rib fall injuriea), it is apparent that the non-iero values 
in a quarterly data: set seldom exceed ten percenti Therefore, the 
analyiis set aaidc all but the mines Imying both injuries and trainihg 
within the ten quarters 1972 through mid-i974, 

Es'flentially 2 5 cross plots of rate vs. rate, change vs. change, rate 
vs, change, and change vs, rate for 17 pairs of measures of training and 
injury or severity rates arid the logjQ ^x'^te + h 0^ frort sisc data sets* The 
17 pairs of measures w^e -selected from review of plots of 120 pairs of 
meaiiires in eight cross-sectional data sets. ' 
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The analysis concentrated on cases where the mine had a problem 
(injury rate^ and apparently tried to eolve it (by training). This does 
not mean that mines which were either lucky, careful, or la% in report- 

Jjig^d^oT h^ ®^ ^ • 

that had an injury problem but apparently did not seek a training solution 
(sometimes not In compliance) are not Important, The^e cases juat do 
not offer any information on the value of tralnlrig* Training reported in 
the accident prevention categories 4hat is not mandatory does tend to 
be a reaction to high or increased injury rates. More important are 
the facts that: . , 

• TralTiing leads to a reduced injury rate in a manner 
very strongly different from casei where the training 
' solution was not followed, ^ 



-T;rarhiinf-in-fche-^gt^^ 

ft repeated at siK month Intervals. ^ ^ 

• The cases of effecrtve training by objective category versus 
injury types correspond very closely to the findings of the 
overall annual and quarterly evaluations. 

The basic findings of .thepe analysas are siimmarized in Table 4. 
Effective in this table means a simple decrease to the injury rate for- 
the next two quarters, .The evaluation Is "unclear' » whan training con- 
tinues in the next quarter, the injury rate was at and- stayed at ^ero, or 
the time series ends. An Ineffective^ quarter is when the injury rate in 
question cojitinuas to increase* - 
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TABLE 4 , 
TRAINING CATEGORIES VERSUS INJURY TYPES 



Training Category/ Total 

Iftj«jy~Tvpe~~ Q r s 

Ground Control/ 1,310 
Roof k Rib Pall 

Haulage Acc, Prev. / 530 
Haulage 

General Acc. Prev, / 1,150 
Lift/ Pull & Slip Fall 

"Electrical Qual. / 770 

Elftctrvcal ' 



Training 
QuarterB 

459 



lOl 



Effective Unclear Incffectivd 
Quarters Quarter a Quarters^^ 



peneral Acc. Prev. / 1,020 
Handling Materials 

Machiner.y Acc. Prev. / 220 
Machinery St Hand Tool 

Exp, Safety & Methane 240 

Test/'Exploaions St 

Ignitions 

General Act. Prev./ 1,260 
Total Injiiries . 

No General Acc. Prev. / 320 
Total Injuries 
(Control GrQUp) 



308 



237. 



26 5 



29 



103 



320 



320 



138 



39 



94 



60 



75 



26 



109 



82 



290 



56 



169 



168 



169 



19 



74 



161 



167 



31 



43 



21 



50 



71 



\ 



The distributions observed for all but the control group for general ac- , ,„ 
.cident jpreventipn and total injuries could occur by chance alone less than 
one tlrj^o in a hundred. A random distribution would have placed half the 
training quarters in the unclear column and the other half ovonly divided 
between the effective and ineffective columns. This is almost, exactly 
the distribution for a control group where general accident prevention 
training was nob-givan at all. This seems to be ve^ry strong proof of 
the value of acclderit-prevention training (both specif ic and general) when 
it is employed. The' percent of quarters in, which thoie categories of 
training were omployftd provides sorhe insight into how often this training 
tends to be given. The percentages range ^rom a low of 13 percent for 
the macWTTWiy category to 43 percent for explosives safety and methane 
testing courses. Ground control training and electrical training are the 
next highest at 35 and 31 percent respectively. From these figures one 
could' expect a typical, mirie to conduct training in methane detection twice 
a year. The other two categories of mandatory training are most likely 
to be given every three months.' This corresponds to another finding from 
this analysis^ that injurY rates tend to increase after two quarters of de- 
cline unless the training;is repeated. Table 5 give an .example of this 
finding by listing how msLny quarters after training the haulage injury ^ 
rate stays below the'rate prior to training. Haulage is .used for this 
= example^bec au ae^hg^^raining t ends to be repeate^^ 
and thus has a low number of imcluar quarters, . ; . 



TABLE 5 . ■ 

DURATION OF TRAINING EFFECTI^NESS 

Number of Quarters (n) ■ Number of Ga^es Where 

After Training Quarter ( Q J . Injury Rate.^^ < Injury Rate. 



1 
2' 
3 

4 

5 
6 
7 
8 
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22 
15 
11 
7 
9 
2 
. 3 
1 



Analysis of individual miners training and injury records might offer a 
more valid indication of retraining requirements » but it is reasonable 
to expect that the impact at effective training will go beyond the individual 
miners. Going back to the ten most and ten least affective training pro- 
grama gives some indication that this is a valid axpectation. The mosl 
effective mines conducted training in no less than eight of the ten quarters 
and in an average of nine quarters. The average for the ten least effective 
programs is only 57 percent of the ten quarters compared to 90 percent in 
the ten most effective programB, / 

Table 6 and Figure 15 offer additional indications of the relatively 
low emphasis on the accident prevention categories of training, the need 
for this training, and the potential returns* The niimber of mines whicli 
had both injuries arid^training, training only^ in;iuries-only^anduieithe^i^ — 
injuries nor training in each category are shown in Table 6. The largest 
numbers for training only appear for the mandatory topics of mctfiane 

TABLE 6 

COMMONALITY OF INJURIES AND TRAINING 

*■ 

Number of Mines Having* 



Training Category/ Both Injuries 
Injury Type &f Training 

Exp* Safety ^ Methane 24 
Test/ Explosions n Ignitions 



T raining 
Only 

146 



Injuries 
Only Neither 



1 



9 



General Ace* Prev. / 
Total Injuries 



1 2(> 



47 



Ground Control/ 
Roof ^ Rib Fall' 



I 31 



21 



20 



Haulage Acc, /Prev, / 
Ha alage 



53 



79 



37 



General Acc. Prev, / 
Lift/Pull k Slip/Fall 



15 



13 



39 



14 



Electrical QuaL / 
Electrical 



77 



65 



14 



2 3 



General Acc, Prev* / 
Handling Materials 



102 



24 



33 



22 



Machinery Acc, Prev. / 
Machinery & Hand Tool 



22 



do 

47 , 



31 
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testing, electrical qualification and ground control. The optional course 
categories reverse Ihis pattern in that 43 and 73 porcent of the mines dM ' 
not train in the haulage and machinery accident prevention categories 
respectively while they experienced that type o£ injury. While only 9 " 
mines had injuries from fall of roof or rib and no ground control training 
reported, an average severity of 120 lost days ptt injury makes the po- 
tential returns from groimd control training quite high. Approximately 
half of the lost days for these mines came from roof and rib fall injuries. 
Figure 15 gives a curve representing the most likely trade-off between 
training hours and lost days per 1, 000 tons for ground control training 
and roof and rib fall injuries. It was developed from company and 
divrBlon-^ggregate data for thcW versus 1973 injuries^ _ 

1973 training versus 1974 injuries where the training was clearly ef- 
fective. The dashed straight lines show average observed values for 
7 companies with above average rates in 1973, 10 companies with below 
average rates In 1973 and all 17 effective programs. The solid straight 
line is the average for 8 ineffective programs. Companies whose training rate 
decreassd in 1973 are not considered. End points on the curve are fixed 
at the two extreme observed valuesi On the basis of this curve a mine 
haying an injury rate giving one lost day per 1, 000 tons could es^ect to 
reduce that rate, to one lost day per 10,000 tons by inyesting in only 4 to' 
5 employee course hours of effective training for every. 10, 000 tons of ' _ 
production. That example moans less than a man day of time spent in 
t;-aining returns more than a nine day reduction of lost time. 
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Since Lho rulaLionship is not linear (as indicated by (he diffeTencus 
betwfrexi the slopos o£ the. observed average values) the greatest returns 
come for mines having the greaLcst problem. Reducing the lost day 
rate in this example from one par 10,000 tons to one per 100,000 might 
require 100 effective employee course hours to gain the next nine day 
saving in lost days. The most Important point seems to be Ihal relative- 
ly small investments in Iraining can have major returns for the mines 
having above average injury or lost day ralc^K. i f Un- i ra i n i i b eiructivtu 
That mine management appears to make training effective rather than any 
particular training technique was ghown by the following comparison f)f^ 
mo^t and least effective programs. 



In an effort to control for the likely impact of inspection activity on 
the safety records some data on cumulative aHnessments were included 
in the comparisons qf the most and least effective training programs* 
The cumulative amount of assessments through 1973 was divided by 1972 
through mid-1974 exposure to provide a rate measure enabling com- 
parisons between different siF.ed operations. The ten mines rated as 
having the, most effective overall training were assessed an ayerage of. 
$43, 000 per million man-hours compared with an average of $64. 500 for 
the 99 mine sample and $125,840 per million man-hours for the least 
effective programs. This meais that effective training corries in; mines 
that tend tc '^omply with all safety standards as well as training r<!quire* 
ments. These are safe, well managed operations that are improving in 
contrast to those that dp as little as possible with no^apparent impact un 
safety. The assessment rates were also plotted versus the percent changu 
in injury rate rrom 1972 to 1974 and the 1972 through mid- I 974 average 
injury rate, The.He.plots are shown in Figurt-H I 6 and 17. rhe ie phjts 
indicate that safety is not related to how much a minci was ht'ing pfnalis^.tid 
for violation of the safety standards. If anything, the cases of gr eaten I 
assessment rate tend to sliow the least improvement (with the exception of 
two mines that cloied in 1972). It would seem that tha assessment rate 
corresponds more to failure t q improve safety records than to subsequent 
reductions to injury rates. This Is a significant contrast to the plots of 
Injury versus training rates where the main exception to the desired causal 
relationship is the large number of cases having both injury and reported 
training rates at low levels. , = 
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CONCLUSIONS AND RECOMMENDATIONS 



This research project can be divided into two distinct efforta. A 
suf^^y...QX^£^r^rent mining training prbgrams waa conductad to proriuco a 
general descri^lT&fi==Qi the variations of trmnlng program characteristics. 
An evaluation of these training programs was performed to identify the 
variations of organization, course content, course objective, instruc- 
tional methodsp etc. ^ tend to be assdciated with low or improving Injury 
rates, Tt is important to note i hat the purpose was not to prove that 
tra ining has cau sed low o r r edu cgd injury rates. Strong Indications of 
systematic effectiveness for some specific categories of training were 
foundp but the main evaluation effort was to use various definitions of 
effectiveness as the criteria for ranlcing niiines accordlngto the-apparent 
effectiveness of their training. Because these evaluations found 
essentially all mine and training program characteristics evenly dis- 
tributed along the range of uffectiveness scores, it Is not possible to 
conclude that any particular approach is the best way to train miners. 
Each mine seems to ha\'e a need for training and training resources^ that 
depend on the company, mine conditions, milning methods, location, work 
force composition, and many other factors. The aggregate data and insight 
into the training process gained during the survey all point to the con = 
elusion that the effectivenesi of the training depends on the skill with which 
the available resources are applied to the perception of the need for training 
When that need is limited to doing what training is required by law or the 
companyj the training is not likely to produce more than the required paper 
work. On the other hand, miners seem to respond positively to prbgrams 
they see as the result of the operator's interest in their s^ety and working 
conditions. 

The strongest statistical evidence that training leads to re^duced injury 
rates was found for the training in the roof and rib fall, haulage, electrlcai, 
machinery, and general accident prevention categories* This eorraeponds 
to the opinions provided by MESA and mine operator training officials. 
This training is being stressed by MESA in the mines having the highest 
injury rates and is the heart of several c^qmpany developed safety programa* 
In spite of thii emphasis and recognition tn^varlous courses in accident 
prevention are a relatively smalL portion of the total reported training 
effort in the dntn studied* There are two reasons for this. Much of this 
training is part of more comprehensive programs that are not reported. 
This training, uxcept for ground control and electrical, is not mandatory 
so It Is not conducted at the rate reported in the mandatory topics, Thus, 
it should not be surprising to find that this training carried out with the 
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specific objective of improving safety is most likely to achieve that end. 

Training in explosivos Safety, mine ventilation, and methane ^ 
detection categories is more difficult to evaluate. The catastrophic 
nature of some explosions or ignitions makes it easy to recognizee why 
these categories of training represent 15 percent of the total reported 
training hours and 40 percent of the employee-courses* The fact that 
this type of injury was infrequent in the data analy^.ed indicates that the 
training may be achieving the desired result* Out 6f 1,661 valid mine- 
quarters studied^ these categories of training were given in 891 quarters 
and there, were explosion / ignition type injuries reported in only 49 quajrters 
in 25 of the 170 mines. One of the 25 mines reported no training in these 
categories while there was training reported in 103 of the 240 quarters' for 
the other 24 mines that could be evaluated^ Finding 26 effective versus 3 
Ineffective training quarters would be a good. indication of systematic 
effectiveness except for the fact that 74 quarters were unclear. Part of the 
reason there were 74 unclear quarters is the large number of consecutive 
training-quarters, but another part of the reason could be that lack of 
knowledge in the use and handling of explosives , methane detection, and mine/ 
ventilation is not the major cause of explosion/ ignition type injuries, Thq/ 
training might be more relevant if the knowledge or skill portions were part 
of a more comprehensive program focused on the reasons why the know = 
ledge and skills are not consistently applied on the job. 

Training in the categories of flrat aid ^ mine rescue, mine law, and 
safe.ty program administration also represents a l?rge portion of the 
reported training effort even though it does not directly address accident 
causes. This traitiing effort ampunts to approximately a third of all course- 
hoiirs and a quarter of all employee-cpurses because much of it is mandatory, 
readily available from several sources, and easy to carry out. These ^ 
©bservationi are not intended to detract from the value of and need for these 
categdries of training. The danger is that these courses have a widespread 
identification with safety training where the concept of safety does not go 
beyond the problems resulting from accidents Into dealing with the prpblerns ^ 
that cause accidents* The firs t answec^ to questions about safety training in 
any organization from a mine to a scout troop will often be tfc^t first aid 
training was given recently or is scheduled for the near future'* These 
skills and knowledge are needed, but it is necessary to recognize that they 
can be accorded undue emphasis with respect to the accident prevention 
approacheg because of this attitudn. 

The point to be made is that half of the reported training effort (course^ 
hours) and well oyer half of the training administration (plans, recorda, 
reports, certificaten, etc* ) are going into training that has recognized value, 
but does not relate strangly or directly to the fundamental issue of reducing 
injuries to mines. Peridlng ghanges to mandatory training requirementi and 
training now required by the UMWA will add emphasis to the kinds of 
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training that ar^ most effeclivu. The methoas by which this training is 
carried out is not as important Lo its uffectiveness as the way in which 
the training resources are devolopod and used. Putting in the required 
or agreed upon amount of training time wni probably accompliah just that - 
an expenditure of time* Programs adapted to the particular hazards 
involved in each mine and job in which safety and dealing with mine 
emergencies is learned right alo'ng with the operational skills and know- 
ledge should be the objective , but it may not be one that can be forced on 
either mine operators or minors. Both need to be convinced of the value of 
the more comprehensive approach to occupational training. 

Encouragement for making safety an integral part of occupational 
1tr aln mg^ seems To ^W^o s rib 1 tT lyy-^n om e re v i&4on^.ta^exisJ.i ngja d^ s t r a t h^e 
procedures for reporting and documenting mandatory training topics* 
For example, the existing MESA courHes include 32 reportable courses 
that can be applied to the prevention of explosiun/ ignition type injuries. 
There are 23 of these that deal with operation of specific devices. 
Qualified persons whose duties require testing for methane do not have to 
take all courses, but study of the training data shows that training is often 
reported on four or more of these courses In a single day* Just one report 
instead of several would save administrative effort if a report of training 
on procedures fo^ detecting and dealing with explosive mine atmosphere 
could satisfy this particular qualification requirement* Since this might be 
a full day of training there might bo objections'Ho an apparent incrc^ase of 
mandatory training time. One report, record, and certificate for a day 
of effective training seems Jnatcir than four or more repqrtSj rat-ords, and 
certificates for a series of one hotir repetitious rituals that are possible 
now* 

Another sut of conclusionH atemb' from the finding that the strongest 
indications rof effectiveness are far training that is directed at specific 
injury types or general accldcmt prevention courses with respect to total 
injuries* This concerns the existing system for reporting injuries and 
training in which the analysis was forced to deal with the arn^iguous 
characterisation of an injury type such as ^'explosiWy iintfion* '' This 
particular problem was compounded by inadvertent inclusion of the flame 
safety lamp and mine ventilation in the same course category ai explosives 
safety while other methane detection devices went into another category* Th< 
analysis combined both categories just as does the term "explosive/ ignition. 
The search fnr linkages between the efforts bcnng made to train miners and 
reductions in injury rates was seriously hanipered by the nature of the . 
accident reporting system. Unfortunately, accidents tend to be reported in 
situational rather than behavioral terms. Ffcr example, an injury involving 
a roof fall goes into the data as a "fall of roof" type injury, the situation, Th 
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is not descriptive of some behavioral, e rgO y correctabla cause lika 
failure to properly test the roof, working under unsupporLed roofp im- 
proper temporary support, or failure to correct known roof hazards. 
Similarly, an injury caused by a shuttle car driver's failure to give 
proper warning signals, traveling too fast or disregard of some specific 
safety procedure is currently coded simply as a haulage accident. 

Since the actual behavior that resulted in an injury is often not re- 
corded by the accident report one can only make rather crude aBsumptions 
regarding tl^e type of injury one might reasonably expect to be reduced 
by each reported category of training. 

.^..Since th^ actual behavior that resulted in an injury is often not re- 
corded by the accident report one can only make rather crude "gMs^^ 
regarding the type of training one might reasonably expect to have some 
impact upon injuries within each reported category. 

In order to conduct useful and continuous monitoring of the need for 
training and its effectiveness wltti regard to injury rates, there is a need 
to more cloiely link the accident and injury reporting systams. It is 
also necessary to establish this connection on the basis of behavioral as 
well as situational phenomena toward which corrective actions (including 
knowledge, skills, and safety training) can be directed and their results 
monitorad. Cuirent reporting mechanisms could be modified to meet this 
need and at the same time be reduced in complaxity and cost of operation. 
Time and money being spent on processing of training and injury data by 
both mine operators and MESA can be reduced and the utility of the re = 
suiting data base greatly enhanced, " 

In so far as possible, all accidents and injuries sliould be reported 
in terms of the specific behavioral causes or conditions subject to change 
through modified work practices, mine conditions* or mining equipment. 
Training could then be reported as hoxirs of instruction on the prevention 
of Bome injury causing action or cohditibn. The present 120 course codes 
would no longer be needed* They would be replaced by combinations of 
codes descriptive of injury and training characteristics. A study shoiild 
be conducted to develop and test such a revision to the reporting system* 
It should be poisibla to make the system convey most of the information 
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now rnportecl in urdt-r to niaintain c iintinuiLy in Llu' HLaLiaLi*. a dui'in^ 
a transition period if nucea sai*y. The allncafiun of both L raining and 
administrative of fort woulri more* ( losoly matth the injury prnblumrt. 

The recommended accident and training reporting system coulfl bo 
based on the use of punch cards on the order of those used in sume voting 
and test scoring Bystems. These card report forms should be printed 
in the form of easily answered questions. They could be cpmpleted by mine 
cpmpany and hourly personnel for accidents , "near misses, " and observation 
of unsafe conditions or practices. This might sound like opeing a '^Pandora-s 
Box, " but is really no worse and probably more effective than existing 
"hot line'' arranpemente. If the t ards could be read directly into the Dcnvc'r 
Data Center computer files from remote card readers at district offit eis 
much of the administrative efrort would be reducecL Coding and punching 
of data from multiple copy report forms would be eliminated. Various 
data retrieval programs could be used. at thn district or .^ub-distr ict level 
terminals to tabulate injury and training activities since jHome convenient 
date, such as the last inspectinn. U'hnse lahulatlons could be used by mine 
inspectors to provide guidance for each inspection tour. Training Canter 
directors and InHtructnrs would user the same type of tabuialinns to monitor 
and assist with each mine's 1 rn i ning prog ram. Training program effortH seem 
to suffer from a lack of relation to needed hehaviural change. In larger part 
this may be due to the nature of the training requirements. Efforts to meet 
minimum hours in specific cmirses consume time, capital and energies that 
otherwise could be directed tosvar d correcting dysfunctional hehavitirH 
identified by the recommended reporting mechanism. 

Bearing in mind that the original purpose of required training was to 
reduce aocidenta and injuriea and not to just Increase or maintain training 
levelSj a company having a Icjwer than average injury record could be per- 
mitted to conduct whatever training it believes to be needed. On the other 
hand, a company having a higher than avarage Injury record could be required 
to develop and implement^ subject to MESA apprbval, programs defllgned to 
meet Its specific needs for accident reduction. The company would have the 
responsibility of identifying, with MESA^s assistance through inspection and 
feedback of interpreted injury stattsticSp their own safety problemfl that are 
causing the above average Injury rates. Once Bpeclflc problem areas were 
Identified, the company could obtain further help from MESA In the form of 
training and training materials which the company fipecifically tailor to meet 
the needs and conditions In each mine as Indicated by inspection and analysia 
of trends in injury statistics, , 
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Small packagas or modules on safe job performance under a variety 
of specific conditions should be prepared by MESA and made available 
to the companies that want to improve their training programs. The ^ 
content of these materials shauld be based on data generated by the 
accident report system^ thus making them directly relevant to Ihe be- 
havioral causes of accidents* Purthermore, the content of each topic 
areas should be directly related to a variety of possible mining cir- 
cumstances. The material for each topic should be tailored to mine 
characteristics such as seam height^ mining and haulage methods cm- 
ployed^^^is^ conditions and roof c^fiditrbhs^r~^Obviouily> Bome^exiBti 
^ material remains universally applicable with no modification. _ The 
intent of this recommendation is to make mine operators and miners 
recognise and deal with their own accident problems. This recommenda- 
tion comes from discussion with operato^s^ and training personnel who 
indicated that involvement of miners in the development of the training 
courses for their mine probably brought as many safety improvements 
as thea^entual training itself. Putting the analysis of what to teach and 
how to use MESA or other resources in that training at the level where 
' the need exists could eliminate the possibility of training for compliance 
rather than safety, 

MESA'S current role in the conduct of training should continue, 
particularly the activities/of MESA and state training agencies in helping 
small companies. The role in training might change from teaching a 
particular course to helpingvBmall aiid large company personnel learn to 
draw on Buraau of Mines and MMSA prupared material for their own 
pfograms, _ , » . . 

These materials could range from existing complete courses to 
short film (or tape) sequences on specific situations and accident causes. 
Another type of training material is needed to support on-.the-job-training. 
This form of training is the only training many miners ever recaive, 
' .Evan though it has not been as effective as it should as Indicated by the 
high injury rates of new and Inexperienced mlnerSp it should also be 
recogniEed as the only viable training option in some situations* In 
these cases greater elfectlveness and uniformity of instruction and 
learning can be achieved by use of self-paced training guides and check 
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lists for the varloue learning objectives. These materiala would provide 
aome formal structure to on-the-job training and a means for documenting 
and measuring progreis. This progress might be enhanced if it were tied 
to some of the incentive -reward schemes now used to recognise periods of 
accident-free work by Individuals or work crews. Such a system of rewards 
for training progress whether for on-the-job or for *'clfLSSroom" forms of 
training, would also require some type of proficiency testing, Any expanded 
^ form of testing botii knowledge and skills would have to be the result of a 
joint labor -management efforts to go beyond the present agreement Aat 
training Is heeded. That training and the associated safety and career ^ . 
development objectives need to be defined^ Then everyone from the 
workmen to the superintendent might recognize the purpose of training 
is to their mutual advantage and not just to attain compliance. 



The recommendud changes to Injury and training reporting systems i 
to training procedures or roles for MESA and other training agencies come 
directly from the survey and analysis results and partly from the difficulties 
encountered in the data management tasks. A low ratio of employees par 
Instructor and higfi levels of emphasis on training for accident prevention 
were noted as some of the factors thdt distinguish effective trainini programs i 
Training at a steady rate throughout the year also appears as a characteristic 
of effective training* Mines that were identified as particularly effective In a 
single category of training also rank high on ovarall effectiveness indices. 
All of these factors point to a conclusion that niine management attitude Is 
strongly associated with effectlvaness of training* Regulations might be 
changed to ralnforca positive company and mina managamant attitudes and 
performance by shifting tha target of penalties from compllanca with training 
raqulrements to the and purpose of mining safaty* Tha mine companieii wiir 
than be able to lower or eliminate emphksls on administrative and legal 
procaduras such as obtaining or e^tandlhg waivers, producing cards, 
challanging notlces/ln cpurt and i^^mi pap^? work raquired to con^ply 
with tha latter of the law. The probiam of Idantifylng the most appropriate 
roWMor mine safety training is one that can ba solved batter by a governmant, 
managament and labor team than by advaraaries in court. 
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